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15. Supplementary Notes 


16. Abstract 


rhis Final Engineering Report contains a detailed functional 
description of each subassembly, design analysis and final 
salibration data on all assemblies for the Panoramic Attitude 
sensor (PAS). 

fhe PAS is used for course attitude determination on the International 
Jltraviolet Explorer Spacecraft (IUE). The PAS contains a sun sensor 
vhich is sensitive only to the sun's radiation and a mechanically 
scanned sensor which is sensitive to the earth, moon and the sun. 

Fhe signals from these two sensors are encoded and sent back in 
the telemetry data stream to determine the spacecraft attitude. 
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SCOPE 



This Final Engineering Report of the Panoramic Attitude Sensor (PAS) was 
prepared as part of the requirements for Contract No. NAS5-20651. It 
contains the following subjects: 

1.1 DETAILED FUNCTIONAL DESCRIPTION OF EACH UNIT INCLUDING 
IDENTIFICATION OF FAULT DETECTION AND ISOLATION TECHNIQUES 

1.2 ANALYSIS FOR THE DESIGN CONSIDERATIONS AND THE DESIGN 
APPROACH IN PRODUCING THE OVERALL ASSEMBLY 

1.3 SUMMARY FOR THE DESIGN CONSIDERATIONS AND DESIGN APPROACH 
IN PRODUCING THE OVERALL ASSEMBLY 

1.4 FINAL CALIBRATION DATA ON ALL ASSEMBLIES 

2.0 FUNCTIONAL DESCRIPTION AND FAULT ISOLATION AND DETECTION 

TE CHNIQUES 

The PAS system consists of two subassemblies. The instrument assembly, also 
known as the scanner head, is illustrated in Figure 1. The scanner head is 
connected to the other subassembly, the electronics assembly, by means of a 
cable which supplies electrical power and the control signals. The electronics 
assembly is illustrated in Figure 2. The sensor head contains a sun slit 
detector and preamp, a scanner detector and preamp, a heater circuit, a 
stepper motor and associated encoder, and the interface drivers to interface 
these circuits with the electronics assembly. The electronics assembly 
consists of two compartments. The smaller compartment is sealed to contain 
the electrical noise from the power inverter. This compartment contains 
only the power supply. The other compartment contains the stepper motor 
driver circuitry, the control logic, and the interface circuits to the 
spacecraft. This circuitry is contained on two stitchwelded circuit boards. 
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Figure 1 

INSTRUMENT ASSEMBLY 




2.1 MECHANICAL DESCRIPTION 

The scanner head is housed in a small aluminum box with the mechanically 
rotated optical assembly on the top. It weighs slightly greater than 0.5 
kilogram. The scanner head mechanism consists of a 45 degree stepper motor 
that drives the optical assembly through a 64:1 gear train in four passes 
of 4:1 gear reduction. The final gear is an antibacklash spring loaded 
gear which reduces the angular uncertainty to less than 0.1°. 

The optical assembly is driven at variable rates depending upon the mode 
and command status, from 78 steps per second down to 10 steps per second or 
slower. Ball bearings are used on the stepper motor gear train shafts and 
optical assembly. The housing is not hermetically sealed. Ball bearings 
and gears are lubricated with a proprietary lubricant (Vac Kote) which 
functions in a hard vacuum without evaporation. The electronics assembly 
is a rectangular box designed so that it can be stacked with similar units 
t in the spacecraft. The power supply compartment contains a power supply 

printed circuit board mounted on standoffs with an aluminum cover to seal 
the compartment. The other compartment is open and contains two circuit 
boards with interconnecting wiring between the boards and the output connectors. 

The electronics components on these boards are soldered or welded on one 
side and interconnected on the other side by means of stitch-weld wiring. 

All of the components on the stitch-weld circuit boards are accessible by 
removing the four screws holding down the top board. Drawings of the two major 
assemblies, 48001 and 48557 are a part of Appendix A. 

2.2 HEATER CIRCUIT 

The heater circuit is used for thermal control of the scanner head. It switches 
on at a temperature between -10°C and +15°C. It turns off at a temperature between 
+5°C and -5°C. The heater circuit is enabled with the application of spacecraft 






28 volt DC power to the PAS assembly. This heater circuit is tied directly 
to the spacecraft 28 volt buss. When the heater is on, an additional 2 
watts of power is dissipated in the scanner head. A schematic diagram of 
the entire head electronics is located in Appendix A as drawing 48572. The 
heater circuit is a part of this schematic. A simplified heater circuit is 
shown as Figure 3. The 28 volt power shown connected to the 390 ohm 5 watt 
heater resistor is completely isolated from the power operating the PAS 
electronics by the inverter transformer in the power supply. R1 and Cl 
provide a power supply bypass filter network to supply the amplifier and 
thermistor bridge circuit. The input voltage to the bridge circuit is 
further regulated at 20 volts with zen r diode VR1 . R2 provides the current 
limit for the zener diode. 

Thermistor RT2 which has a nominal resistance of 1 OK ohm at room temperature 
has a resistance of approximately 30K ohm at 0°C and 54K ohm at 12.5°C. As 
a resistance the thermistor varies with temperature, a current unbalance is 
created at the input of op-amp ART. Resistor R4 provides positive feedback 
causing the op-amp to act as a comparator with a hysteresis of approximately 
12.5°C. The zener diode VR2 assures that no current can flow into the base 
of Q1 when op-amp ART is in its low stage which can be as high as +2 volts. 
Resistor R7 limits the current into Ql. Resistors R8 and R9 provide shunt 
paths for the leakage currents of Ql and Q2 respectively. Transistors Ql 
and Q2 multiply the output current of ART to 72 mi 11 lamps. This current 
flows through the 390 ohm resistor heating the gear plate, Thermistor RT2 
is mounted physically near the 390 ohm resistor and when it is heated 
approximately 0°C, it unbalances the bridge sufficiently to cause ART to 
trip off and the 72 mi 11 i amp current ceases tu flow. 

2.3 STEPPER MOTOR 

t 

The PAS stepper motor is a size 8 permanent magnet DC stepper motor housed 
in a metal magnetic can inside the sensor head. It has two 135 ohm windings 
with no common ground connection between them. It is operated in a four-phase 
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Figure 3 
HEATER CIRCUIT 



mode with a step angle of 45°. It was designed to operate in a hard-space 
vacuum. The motor is pulsed with 12.8 millisecond pulses of 20 volt amplitude, 
sequentially, to each of the leads while the unenergized leads are held at 
ground potential. The duty cycle of the motor varies from nearly 100% to 
approximately 12% depending upon the step rate. Since the dry lubricant 
provides very low friction, electrical damping is provided by shorting out 
the unenergized windings to ground. This reduces the overshoot and oscillation. 
A drawing of the stepper motor is included in Appendix A as drawing number 
48035. 

2.4 OPTICAL ENCODER 

The optical encoder consists of three major parts; the first is three 
light-emitting diodes (LED)-phototransistor pairs mounted on a Vespel 
housing surrounding an encoder shaft. The encoder shaft is an extension of 
the motor gear pinion with slots and holes to block the light path between 
the LED and the phototransistor as the shaft rotates. The second part of 
the encoder is a six-stage electronic counter that increments one count, up 
or down, each revolution of the motor shaft depending upon, the direction of 
rotation. The third part is an LED phototransistor pair mounted over the 
output gear. A hole in this gear allows the phototransistor to be activated 
once each revolution of the scanner. The output of this circuit, known as 
the zero reference circuit, is used to reset the electronic counter in the 
zero count position. The scan head makes 512 steps per revolution. This 
position is encoded as a nine-bit digital code. The output of the gear 
shaft encoder forms the three least significant bits of that code. The six 
bits of the counter, forming the most significant bits of the code is 
illustrated in Table 1. The three least significant bits are in Gray code, 
the six most significant are in binary code. The LED's are supplied current 
continuously from the 5 volt internal buss. The *910 ohm resistors in 
series with the LED's limit the current to approximately 3.7 miniamps. 

The values of these resistors are selected to set the proper operating 
point of the LED phototransistor pair with an allowance for degradation and 
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GREY CODE. 
Table 1 





drift. The 20 volt buss is the source of power for the phototransistors ^ 
and their associated buffers. The 20 volts is reduced to 10 volts by 
zeners in the scanner head. The phototransistors have 47K ohm load resistors 
so that at the switching point of the buffers, the load resistors, in 
combination with the impedance of the phototransistors, present a source of 
inipendance of approximately 24K ohm. (See Figure 4) The buffers have 470K 
ohm feedback resistors providing a Schmitt trigger action. The ratio of 
feedback and source resistance provides a hysteresis of approximately .5 
volt. The slots on the encoder pinion shaft are illustrated in Appendix A 
as drawing 48027. The slots are cut to provide the timing sequence, illustrated 
in Figure 5, when the shaft is rotating. 

The signals from the three shaft encoder buffers labeled encoder A, encoder 
B, and encoder C, pass from the head through the cable into the electronics 
assembly. CMOS buffer U6 F, D and C, respectively , buffer the encoder 
signals as they come into the electronics assembly. The circuit is indicated 
on drawing 48574. Transitions of the encoder C line, causes the circuit 
composed U16D, U7E, R1 and Cl to act as a one shot which generates a positive 
pulse on either the negative or positive transitions of the encoder C line. 

This pulse is gated with the signal on the encoder B line using gate U6D 
and U56D, so that only the pulse that occurs when the encoder B line is 
high, causes a pulse in the clock inputs of the counter composed of U30 and 
U42. The signal on the encoder C line coming out of gate U7E, is fed into 
the up/down input of the counters as a function of the direction of shaft 
rotation. The timing diagram for clockwise and counterclockwise rotation 
is illustrated in Figure 5. 

The signal from the zero reference circuit is labeled HOME and comes into 
gate U6E. The signal on the HOME line and all three encoder lines will be 
zero when the scanner is positioned at the zero reference angle. The all 
zero input to OR gate U44B causes a positive pulse to be applied to the 
parallel enable input on the counters. This loads an all zero count which 
effectively resets the counter to zero. 
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2.5 SCANNER OPTICS DESCRIPTION 

The scanner optics assembly consists of a baffle assembly mounted on a 
rotating shaft. The scanner rotates about an axis perpendicular to the 
mounting plane of the sensor head. The scanner rotates in 512 steps of 
approximately 0.7° each step. The scanner head can rotate continuously through 
360° of rotation or can sector through smaller angles as determined by the 
input command. The scanner field-of-view (FOV) is 0.7° +0.1° diameter 
about the scan angle. Incoming Tight within this FOV is reflected 90° down 
the axis of rotation of the scanner shaft by a quartz prism. A convex 
quartz lens is cemented to the prism to focus the incoming light on a 
silicon PIN photodiode at the end of the optical shaft assembly. A 0.040 
inch diameter aperture at the end of the shaft determines the FOV of the 
scanner. The active area of the silicon sensor is also 0.040 inch diameter 
which is aligned concentrically with the aperture and the end of the shaft. 

A data sheet of the detector is included in Appendix B. The sensitivity of 
the scanner preamp is controlled by a select resistor to trip at 0.1 of 
the intensity of a full moon when in earth orbit. 

2.6 SCANNER ELECTRONICS 

The PAS scanner preamplifier is a two-stage DC coupled amplifier using 
LM108A low power op-amps. The PIN photodiode Q1 operates in the photovoltaic 
mode with zero bias voltage. The output of Q1 is tied directly to the 
input of the first stage op-amp AR1 . This stage acts as a transimpedance 
amplifier with a five megohm feedback resistor. R5 and select resistor R4 
form a voltage divider network which raises the transimpedance to approximately 
30 megohms. Capacitors C2 and C3 compensate for stray capacitance which 
would make the amplifier unstable. Cl is connected to the op-amp compensation 
pin. Figure 6 is a simplified schematic of both scanner stages. It is 
also a part of this head electronics, schematic 48572, which is located in 
Appendix A. The components of the first stage of the scanner preamplifier, 
including the PIN silicon photodiode, are mounted on circuit board A3 which 
is mounted near the end of the optical scanner shaft. The second stage of 
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the preamplifier is mounted on circuit board A2. This stage acts as an 
inverting voltage amplifier with a gain of approximately 310, R2 is the 
input resistor and R4 is the feedback resistor. C3 is in parallel with R4 
which provides a rolloff at approximately 780 hertz. Resistor R3 biases the 
input near the no-signal output of the first stage op-amp and resistor R1 
is a select resistor to offset the output near zero volts corresponding to 
no signal into the photodetector. 

The output of the second stage op-amp flows through R5 and to CMOS buffer 
111 A, which is on board A1 . R5 in combination with Rll converts the buffer 
into a Schmitt trigger with approximately .5 volt hysteresis. 

2.7 SUN SLIT OPTICS 

The sun slit assembly consists of two semi-circular aperture halves spaced 
approximately 0.004 inches apart forming an aperture with a fan shaped F0V 
slightly greater than .5° in a plane perpendicular to the axis of rotation 
by approximately 180° in a plane coincident with the axis of rotation of 
the spacecraft. The light passing through the sun slit strikes a grit- 
blasted aluminized cone which concentrates the light on the active area of 
a PIN silicon photodiode of the same type used in the scanner. The sun 
slit preamplifier is a single-stage transimpedance type with a 5 megohm 
feedback resistor, R9. Five megohm resistor R8 provides an offset bias to 
set the no signal output of level AR2 at near zero volts. Capacitor C6 
provides a low frequency rolloff at approximately 470 hertz. R8 and R9 are 
selected to provide the proper sensitivity. C6 is selected accordingly to 
maintain the 470 hertz bandwidth. Resistors R6 and R7 are tied to the five 
volt bias supply which biases AR2 at the midpoint of its operating range. 

C4 provides a rolloff consistent with the network formed by R9 and C6. 

2.8 ONE-HALF PEAK DETECTOR CIRCUIT 

The output of AR2 feeds into a circuit composed of five transistors which 
senses when a trailing edge pulse from AR2 passes through one-half the 
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value of the peak signal amplitude. This one-half peak amplitude detector 
circuit assures that the sun crossing angle remains constant as the amplitude 
of the sun pulse varies according to orbit parameters. Resistors RIO and 
Rll form a voltage divider with an output equal to one-half the output of 
AR2. Q1 and Q2 are complimentary emitter followers whose output offset 
voltages cancel. The maximum voltage appearing at the junction of RIO and 
Rll charges capacitor C7 to one-half the peak amplitude of the sun pulse. 

This one-half amplitude pulse is supplied to one side of differential pair 
Q3 and the output of AR2 as applied to the other side. Whenever the output 
of AR2 is greater than one-half the peak amplitude of the pulse, current 
flows through resistor R1 6 into the base of Q4 which in turn causes current 
to flow to R19 providing an output sun slit pulse. When the output of AR2 

drops below one- half of the peak amplitude voltage stored in C7, Q4 is cut 

off causing the sun slit voltage to drop to near zero. Resistors R15 and 
R18 provide a discharge path for C7 and provide a minimum threshold of 

approximately 2. 25 volts so that noise pulses will not be sensed by Q3 and 

Q4. The output of Q4 is buffered by U1D, which also acts as a Schmitt 
trigger. Figure 7 is a simplified schematic of the sun slit preamplifier. 
This circuit is also part of head electronics schematic 48572. 

i, 

2.9 POWER SUPPLY 

The PAS power supply schematic, 48561, is located in Appendix A. Twenty- 
eight volt spacecraft power enters the power supply compartment through an 
EMI filter labeled FL1 . The 28 volt return is connected to a similar 
filter FL2. These are L section filters which attenuate electrical noise 
with a frequency component above approximately 10 kilohertz. The output of 
LI is connected to the input filter capacitor C2. Diode CRT is connected 
in parallel across LI to limit the voltage transients when the power is 
switched off the 28 volt buss. The power supply converter is in two sections 
The first section is a free-running square wave oscillator, powered from 
the output of LI . Also connected to the output of LI is another inductor 
L2, which limits current transients to the output driver stage during 
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Figure 7 

SUN SLIT PREAMPLIFIER 




switching transitions. The output driver stage consists of transformer T2 
and transistor Q4 and Q5. Q4 and Q5 are driven from the output of the 
control oscillator transformer T1 through speed-up networks consisting of 
R5 and C3, for the Q4 base, and for R6 and C4 for Q5's base. The control 
oscillator consists of transistors Q2, Q3, transformer T1 , and base-limiting 
resistors R7 and R8. The frequency of oscillation is determined by the 
voltage level applied to T1 primary center tap E14. This reference voltage 
is generated by zener diode VR1 . Cl is tied in parallel with VR1 to attenuate 
high frequency noise. The current through VR1 is regulated at 10 milliamps 
by FET transistor Q1 which is connected as a constant current source. 

Resistor R1 is selected during initial test to set the current through Q1 
at 10 milliamps. Select resistor R3 and thermistor RT1 provide a temperature 
compensation network to offset the drift in frequency with temperature of 
the control ocsillator, with the terminals Ell and El 2 jumpered together to 
provide an oscillator frequency of 20 kilohertz. The jumper is then removed 
and resistor R2 is selected to provide an operating frequency of 19 kilohertz. 
The power supply frequency can be selected depending upon the mission 
requirements by removing the jumper between Ell and E12. Resistor R4 
provides an offset current to enhance the starting characteristics of the 
oscillator at low temperatures. No additional regulation is included in 
the power supply. The secondary of transformer T2 has a winding for the 5 
volt internal power buss and a winding for the 20 volt stepper motor power. 

The 5 volt supply is configured as a full -wave rectifier with CR6 and CR7. 

C6 acts as a filter for the switching transients. Likewise, CR4 and CR5 
rectify the voltage for the 20 volt supply and C5 filters out the switching 
transients. Filter FL3, 4, 5, and 6 couple the power supply voltages 
through the compartment wall into the stitch-weld boards. 

2.10 SPACECRAFT INTERFACE CIRCUITS 

The signal input circuits from the scan head and the spacecraft are illustrated 
in zone 12 of drawing 48569. All of the input circuits are similar with a 
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terminating resistor connected to the input of the CMOS buffer. The value 
of the terminating resistor varies from 1.8 K ohm to 62 K ohm depending 
upon the source impedance and the data rates. The signals associated with 
the telemetry data, the input clock and the input command are redundant. 

The outputs of the 10 kilohertz buffers and the buffers associated with the 
telemetry word, word gate and shift pulse are OR'ed with OR gates U8B, C, D 
respectively, so that an open or short- to-ground of any input will not 
affect the operation of the unit. Similarly, the redundant inputs for 
command data and command clock are OR'ed with gates U9C and D. These 
inputs are enabled by the command envelope signal which is protected from 
opens, shorts-to-ground, shorts-to-power as well as buffer failures. A .1 
micro- farad coupling capacitor in each channel prevents any steady state 
failure from blocking an input command, 

2.11 POWER ON CLEAR CIRCUIT 

The command envelope signal at the output of U8A is used to reinitialize 
the PAS electronics after each command. It also resets the power on clear 
latch composed of gates U7, B, and C. The power on clear latch is set on 
power application because capacitor C6 does not charge to U7B's input 
threshold until the 5 volt power has stabilized. The power on clear signal 
initializes the electronics and inhibits the stepper motor drivers until an 
input command is received. Diode CR9 discharges C6 when the power is 
removed to prepare the power on clear circuit for the next power on cycle. 

2.12 TIMING CHAIN 

The timing chain as well as most of the counters and flip-flops in the PAS 
are clocked sychronously from the 10 kilohertz clock line. U15 is a four 



stage counter whose output states are decoded by the network composed of 
U29 A, B, and C and U30A. The four different combinations of the input 
command bits, rate MSB and rate LSB, divide the 10 kilohertz clock by 2, 4, 

8 or 16. When the PAS is in the spherical mode, U31A is enabled, and the 
output of the counter and rate selection network is applied to the AOS 
(Acquisition of Signal) and LOS (Loss of Signal) timers. When the PAS is 
in the planar mode, U31 A is disabled and the motor driver decoder network 
is enabled. The clock frequency is further divided by four stage counter 
U1 6 and by flip-flops U19 A and B. The pulse train out of U28D occurs at a 
1 pulse per motor step rate. This pulse train is applied to U17 which is 
configured as a modulor four counter. It will count either up or down 
depending upon the voltage level on the direction input, pin 10, or is inhibited 
from counting if any of the inputs to U25D go to a low voltage level. 

The outputs of U1 7 are further decoded to a one-of-four output by gates 
U22A and B, U26B and U33A, B, and C. 

2.13 MOTOR DRIVE 

The output of each of these states goes to one of four identical motor 
driver circuits. These circuits are illustrated in zones 5 and 6 of drawing 
48569, The input of each of these driver circuits in an inverting CMOS 
buffer driving R-C delay networks. The delay networks are made unsymmetrical 
by the connection of a series diode and low value resistor in parallel 
with the timing resistor. The output of each time delay network is connected 
to the input of a CMOS buffer. Noninverting buffer U5A, B, C or D provides 
the drive for a 2N222A and a 2N4239 transistor connnected as a darlington 
pair. This circuit acts as the return current path for the energized 
windi ng as well as holding both leads of the unenergized winding shorted to 
ground potential . The unsymmetrical time delay circuit at the input causes 
a short delay in switching off, but a long delay in switching on. The 
transistor driver circuits connected to inverting buffers U1A, C, U 1 1 A , C 
provide the source current for the energized motor winding by pulling the 
energized motor phase to +20 volts. Only one motor phase is pulled to +20 
volts at a time. The other three phases are held at ground potential. The 
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RC delay network at the input of the pull up circuit also provides a long 
delay at turn on and a short delay at turn off. These delay circuits cause 
the motor driver outputs to go to a high impedance state for approximately 
one-half millisecond before switching high or low. This delay allows the 
stored charge in the output transistors to dissipate before switching. 

2.14 MODE SELECT CIRCUITRY 

The PAS has two major modes of operation, spherical mode and planar mode. 

Most of the circuitry operates the same in both cases. However, some circuitry 
is configured according to the mode of operation. A quad 2-input multiplexer, 
U20, is the device that selects the mode configuration. The major functional 
differences between the spherical and planar mode are itemized in Table 2. 
Figure 8 is a simplified schematic showing the signal paths through the mode 
and selection multiplexer in the planar mode. The last stages of the timing 
chain are decoded by U28D. The width of the pulse from U28D is equal to one 
period of the 10 kilohertz clock. It's connected to the modulo four motor 
phase counter U1 7 through channel 2 of the multiplexer. This signal called 
SLOT F, is also connected to 0 MIN and 0 MAX angle comparison gate U13A and B, 
to strobe the encoder. If the encoder is at the 0 MIN angle, the output of 
U13A is a pulse called 0 MIN with the same timing as SLOT F. In the planar 
mode, this signal passes through channel 1 of the multiplexer. In Figure 8 
it's labeled as CROSS and is shown connected to the reset of U4B, the target 
counter. The signal on CROSS occurs once each revolution or sector of the 
scan head and by reseting the target counter starts a new data acquisition 
cycle for the PAS. CROSS also sets a flip-flop called FIRST which controls 
the loading of data into the output buffer register and into a one-shot 
circuit composed of U21B and U32C and an R-C delay network. The output of 
this circuit called LOAD EDGE F is a short pulse that occurs at the leacjing 
edge of CROSS. This pulse loads the data acquired during the cycle into the 
output register. In the planar mode, the target data registers are updated 
by loading the encoder position once for each motor step pulse. To generate 
the signal called LOAD COUNTERS F, the timing chain output from U28B is 
AND'ed with the 10 kilohertz clock with gate U27D. The output of U27D passes 
through channel 3 of the multiplexer through one-shot circuit composed of U32D, 
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PLANAR 


SPHERICAL 


1. Data is loaded into the buffer 
at 0 MIN encoder angle. 

2. Data at AOS/LOS is encoder 
angle. 

3. Motor steps continuously at 
rate determined by timing chain. 

4. New status word is loaded each 
telemetry word 


1. Data is loaded into buffer 
at sun crossing. 

2. Data is time interval between 
AOS/LOS and sun crossing. 

3. Motor steps once each sun 
crossing. 

4. New status word is loaded each 
sun crossing. 


0 


Table 2 

PLANAR/SPHERICAL FUNCTIONS 



■ Lii I 


0 Mill 
DECODE 


0134 


>- 


TIMING U'ZfcD 
C.WfMN , - 

y 


*> p- 


021 D 



uzo 


1 


IV 


x>- 




|0 KlU 

CLOCK 


1 * >- 


’X)- 


13 


12. 


II 


ORIGINAL PAGE H 
OP POOR QUALITY 


vr/ A 




x> -V- 


GLOT 


U4 0 


4-0 1 5 
K’L .1 r 


TARGET COOhlTER 


Ul'/ 


4- A '7.0 
CLOCK 


(vAOTOR COUlTveR 


U32U 


> L>2\C 


V)2TC 


* Y y- LOAD 
/ coukItcrg f 


Lpp 

4 2 OF __ 

eoEvr clock 


-Os i 1 to 

•X) j — 

O 


V 7 


LO|\0 jVATOL K 


l 1 


Figure 8 
PLANAR MODE 



U21C and R-C delay network. (See Figure 9.) The LOAD COUNTERS F pulse from 
U32D is a narrow pulse occuring after the falling edge of the 10 kilohertz 
clock. The first 16 bits of the status word, which includes the encoder position, 
are loaded at the beginning of each telemetry word transmission. The second 
pulse of a burst oscillator, which is triggered by the digital word gate 
input, and is buffered by U24C and selected by channel 4 of the multiplexer, 
is connected to the status registers by a line called LOAD STATUS F. The 
digital word gate occurs at the beginning of a telemetry word transmission. 

The pulse out of channel 1 of the multiplexer U20 starts a new data acquisition 
cycle. In the planar mode, this signal comes from the 0 MIN angle comparator 
circuit. However, in the spherical mode the channel 1 input of the multiplexer, 
connected to the sun slit edge decode circuit (U25A and U13A) , is enabled causing 
the data acquisition cycle to start on the falling edge of the sun crossing. 

(See Figure 10.) The output of channel 1 of the multiplexer connects to the 
input of channel 2 through gate U24D. The pulse out of channel 2 causes the 
motor to step once for each sun crossing. If the telemetry rate is slower 
than the sun crossing rate, the input of U24D connected to the flip-flop 
FIRST inhibits the motor counter to step only on the FIRST sun crossing after 
each telemetry data word. The output of U24D goes through a one-shot circuit 
consisting of U21B and U32C to load the data and status in the output registers. 
The same sun crossing signal from U25A is connected to the input of U27A 
along with the 10 kilohertz clock to generate a LOAD ZERO pulse. The LOAD 
ZERO pulse forces the parallel inputs to the counters to all zeros. The same 
pulse passes through channel 3 of the multiplexer through a one-shot circuit, 
consisting of U21C and U32D, to provide the clock pulse to load the all zero 
state into the counter register. Figure 11 is a timing diagram of all of 
these signals. 

2.15 LOADER CIRCUIT 

The loader circuit provides the proper sequence to load the data word and 
the output register. The PAS contains two identical 80-bit registers. One 
of these is the data buffer register, which is loaded at the end of the data 
acquisition cycle. The other register is an output shift register that 
shifts out the data word when clocked by-external shift pulses. These 
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registers switch functions at the end of each data acquisition/data readout 
cycle. Flip-flop U14B, labeled FLOP controls the functions of these two 
registers. Figure 12 illustrates the sequence of operation. The three 
states on the right correspond to FLOP being set to one, the three states on 
the left correspond to FLOP reset to zero. At power on, or at the receipt of 
an input command the PAS is put in the invalid state. This corresponds to 
flip-flop U12B being set. This sets a bit in the status word indicating invalid 
data. The first 0 MIN or sun crossing sets flip-flop U12A putting this 
system in the FULL state. In this state, the data buffer is full and it is 
ready to be loaded into the output register on receipt of a digital word 
gate. Any additional 0 MIN or sun crossings have no effect, and the data 
associated with that crossing is not stored. When a digital word gate 
occurs, a burst oscillator consisting of U26A, U13B and U13C generates four 
clock pulses to counter U 1 8 . After four clock pulses, the fourth stage goes 
to a one level inhibiting the burst oscillator. The output sequence of U18 
corresponds to transferring from the FULL to the COUNTING state on the state 
diagram. The toggling of U14B causes the data buffer register to become the 
output shift register and the output shift register becomes available to 
load the data of the next data acquisition cycle. Data is recirculated in 
the output shift register so that multiple digital word gates repeat the data 
from the last 0 MIN or sun crossing. 

2.16 DATA REGISTERS 

The data registers are part of schematic 48574. U45 through U54 and U57 

through U66 make up the data buffer and output shift registers. U21 through 
U29 and U33 through U31 form the counter register. In the planar mode, this 
register is loaded with encoder angles corresponding to target acquisition 
and loss. In the spherical mode, this register acts as six counters which 
contain counts corresponding to sun crossing and target acquisition and loss 
times. The target data is steared into the appropriate counter register 
segment by a network of gates connected to U4B, the target counter. This 
counter is a shift register which is stepped once for each transition of the 
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scanner input. It is reset by a 0 MIN or sun crossing, depending upon 
the mode. The input command register consists of U1 , U2, U3, and U4A. It 
contains enable bits for the various modes and functions as well as a 0 MIN and 
0 MAX angle. The bit assignments for the data and command registers are listed 
in Tables 3 and 4. 

2.17 0 MIN AND 0 MAX COMMAND BITS 

The 0 MIN and 0 MAX command bits are each connected to one side of an 
exclusive or comparator circuit. The other side of these angle comparator 
circuits, consisting of gates 1)9 through U16B, are connected to the encoder 
counter. When the motor steps the encoder around until the encoder angle 
matches the © MIN commanded angle, the output of U13A sets the direction 
flip-flop reversing the stepper motor. The direction flip-flop consists of 
cross-coupled NOR gates U44A and U55A. When the motors steps the encoder 
until the encoder angle is equal to the 0 MAX commanded angle, U13B resets 
the direction fl ip-flot causing the scanner to sector between the 0 MIN and 
© MAX angles. The 0 MAX angle comparator is inhibited if the sector bit in 
the command word is. -'set low. 

2.18 FAULT DETECTION AND ISOLATION TECHNIQUES 

Fault isolation should begin by checking the interface signals on the user 
interface connector 01. Verify that word gate, command envelope, command 
data, SMSSS, and the 10 kilohertz clock signal have the proper levels and 
timing to isolate the problem to the PAS system. The pin assignments for all 
of the signals on the user interface connector are listed as Table 5. The 
input power should measure 28 volts +_ 2 % and the signal ground, chassis 
ground, and 28 volt return should be within a fraction of a volt of the 
spacecraft ground. 

Proper operation of the DC power converter can be verified by measuing the 
input current in various modes of operation and comparing these current 
levels with the acceptance test data. The status of the internal 20 volt 
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Command 

Word 

Name 


Numb er 
of 

Bits 


Definition 


E 37 t0 E 29 


E 2 8 t0 E 26 


'25 


E 24 t0 E 23 


Unused Bits 


Spare Bits Stored But Not Used 


Mode Selector Control 


‘25 

‘25 


= 0 Spherical Mode 
= 1 Planar Mode 


Rate Control 
MSB is first in 
LSB is last in 


E 24 

E 23 

Clock 

Stepper 

Q 

0 

1250 Hz 

78 Hz 

0 

1 

625 Hz 

39 Hz 

1 

0 

312 I-Iz 

19.5Hz 

1 

_L— 

156 Hz 

9. 75Hz 


‘2 2 


Scan Direction Control 
0 = CCW, 1 = CW 


E 2 1 t0 E 13 


Theta Maximum (Gmax) Angle 
MSB first, LSB last 


E 


12 


Slew Enable 

0 = disabled, 1 = enabled 


‘11 


Selector Scan Control 

0 = Continuous Submode 

1 = Sector Scan between 

0m ax and 0min angles 


E 


10 


E 9 to El 


Sun Sensor Select Control 

0 = PAS Sun Sensor 

1 = SMSS Sun Sensor 


Theta Minimum (0min) Angle 
MSB first, LSB last 


Table 3. Serial Digital Command Word Definition 




* vo lO 
AOS 1 

LOS 10 

L °s x 

AOS IQ 
AOS L 

Total 


Number 

of 

Bits 



Definition 


® 10 

10 

Encoder Angle 



© 1 0 = 0 for CCW 

to 





= 1 for CW 

°i 


Og to Oi are encoder angle 



with O g - MSB, 0 A = LSB 



10 

(LOS 3) 
10 

(AOS 3) 
10 

(LOS 2) 
10 

(AOS 2) 

nr 

(LOS 1) 

To 

(AOS 1) 


Status Word I 

SiQ - Invalid Data if - 1 

S g - New Data Planar Mode only. 

Sg - Target overflow - 1 

S^ - Slew Knable = 1 

S^ - Sector Scan Mode = 1 

Sg - Sun Sensor Select SMSS = 1 

S 4 - MSB Rate Control gee Table x 

S 3 - LSB Rate Control for Definitlon 
S 2 - Scan Direction Control CIV = 1 
Si - Mode Selector Control Planar - 1 

Spherical - 0 


All six AOS ' s and LOS's have the same format 
This format is different in PLANAR and 
SPHERICAL mode. 

SPHERICAL MODE: 

10 bit binary number representing count 
(time). AOS/LOS, n - MSB 


AOS/LOS. 


= LSB 


PLANAR MODE: 

Bits AOS/LOSi through AOS/LOSq are a 
hybrid GREY/ BINARY code representing 
encoder position AOS/LOS g = MSB, 

AOS/LOSi = LSB 

AOS/LOS^ represents direction of scan; 

1 = CIV 

0 = ccw 


Table 4. Data Word Definition 

31 






USER INTERFACE CONNECTOR 

Jl: 311P407-4P-B-15 (Amp limit©, 62 pin); on PAS *Main Electronics 
PI: 311P407-4S-B-15 (Amplimite, 62 pin); on User Wire Harness 


Jl/Pl 
PIN No. 

SIGNAL NAME 

Jl/Pl 
PIN No. 

SIGNAL NAME 

Jl/Pl 
PIN No. 

SIGNAL NAME 

1 

TP 1 

22 

CHASSIS GND 

43 

SCAN THMS 1 

2 

tp 2 

23 

CHASSIS GND 

44 

SCAN THMS 1 

3 

WORD GATE 1 

2 4 

SPARE 

45 

SCAN THMS 2 

4 

WORD GATE 2 

25 

SHIFT PULSE 1 

4 6 

SERIAL DATA 

5 

SCAN THMS 2 RET 

26 

SHIFT PULSE 2 

47 

SERIAL DATA 

6 

CMD EXV 1 

27 

SPARE 

48 

SPARE 

7 

CMD ENV 2 

2 S 

CMD CLK 1 

49 

CMD DATA 1 

8 

SPARE 

29 

CMD CLK 2 

50 

CMD DATA 2 

9 

SCANNER OUT 1 (TP) 

30 

SPARE 

51 

SPARE 

10 

SPARE 

31 

SUN SLIT 1 

■ 

52 

SMSSS 1 

11 

SPARE 

32 

SUN SLIT 2 

53 

SMSSS 2 

12 

+5 V MONITOR 

3 5 

SPARE 

54 

SPARE 

13 

+20V MONITOR 

34 

j TP 4 

55 

S/N STRAP 1 

14 

TP 3 

35 

TP 5 

56 

S/N STRAP 2 

15 

SIG GND 

36 

. • "I 

TP 6 

57 

S/N STRAP 5 

16 

SIG GND 

37 

TP 7 

58 

S/N STRAP 4 

17 

ELECT THMS 1 

58 

10 V SUN PULSE 

59 

SPARE 

18 

ELECT THMS 1 RTN 

39 

ELECT THMS 2 

60 

SPARE 

19 ' 

SPARE 

40 

ELECT THMS 2 RTN 

61 

10 KHz 1 

20 

+2SV DC 

41 

28V RTN 

62 

lOKHz 2 

[ 21 
i 

+ 2 SV DC 

42 

28V RTN 

i 



Table 5 USER INTERFACE CONNECTOR 


RTN 

OUTPUT 1 
OUTPUT 2 




and 5 volt power busses can be determined by comparing the 5 volt monitor and 
20 volt monitor test points with levels measured during acceptance test. 
Failures in the PAS system can be likewise isolated by measuring the signals 
at the head electronics interface. Table 6 is a listing of these signals. 

The following power supply levels represent norma! operation at ambient 


temperatures. 




Signal Name 

•Return Name 

Voltage Level 

Currrent Level 

Heater 

Heater return 

28 volt + 2% 

< 3 milli amps 

10 volt DC 

10 volt DC return 

12.6 volts + 15% 

17 mi Hi amps + 20% 

5 volt DC 

5 volt return 

5 volt + 10% 

10 milliamps + 25% 


The following signal returns should be within a fraction of a volt of the 
spacecraft ground. Chassis ground, heater return, 10 volt return, 5 volt 
return. Proper operation of the motor and encoder can be verified by commanding 
the PAS to the planar mode and observing the Phase A, B, C, and D motor The 
motor drivers should generate a 20 volt pulse sequentially on each of the 
motor leads at the motor step rate timing. The encoder A, B, C, and D signals 
should switch between 0 and 10 volt in the grey code sequence corresponding 
to the stepper motor operation. The HOME signal, should switch to a zero 
level when the encoder count passes between 0 and 8. The scanner signal 
should switch from 0 volts to 10 volts when the scanner is illuminated, on 
axis, with a light intensity greater than 1/10 of a full space moon. The sun 
slit should switch from 0 volts to 10 volts when the sun slit is illuminated 
within its F0V with a light level greater than approximately 1/3 of a space 
sun. All thermistors should measure approximately 10 K ohm at room temperature 
when measured at either the head electronics interface or at the user interface 
connector. 


HEAD -ELECTRON ICS INTERFACE CONNECTORS 


J2 : 

311P407 - 3S-B - 1 5 

(Amplimite , 

44 

pin) ; on 

P2 : 

311P407-3P-B-15 

(Amplimite , 

44 

pin) ; on 

PI: 

311P40 7 - 3S-B-1 5 

(Amplimite , 

44 

pin) ; on 

Jl: 

311P407-3P-B-15 

(Amplimite , 

44 

p in) • on 


J2/P2 
Pl./Jl 
PIN No. 

SIGNAL NAME 

J2/P2 
Pl/Jl 
PIN No. 

SIGNAL NAME 

J2/P2 
Pl/Jl 
PIN No. 

SIGNAL NAME 

; /; 1 

SCANNER ANALOG 

16 

CHASSIS' GND 

51 

CHASSIS GND 

2 ■ 

HEATER A A 

17 

SUN SLIT ANALOG 

32 

SCAN THERMISTOR 1 

3 : 

HEATER 

18 

HEATER RETURN 

33 

SCAN THERMISTOR RET I 

4 

SCAN THERMISTOR 2RTN 

19 

HEATER RETURN 

34 

SCAN THERMISTOR 2 

5 

+10V DC 

20 

10V RETURN 

35 

• 

HOME 

6 

+10V DC 

21 

10 V RETURN 

56 

HOME 

7 

SCANNER 

2 2 

SUN SLIT 

! 

; 37 

SPARE 

8 

SCANNER 

25 

SUN SLIT j 

; 

j 38 

ENCODER C 

9 

ENCODER A 

24 

■ ■ t 

ENCODER B 

i 

j 59 
[ 

ENCODER C 

10 

ENCODER A 

25 

ENCODER B i 

40 

SPARE 

11 

SPARE 

26 

i 

SPARE 

i 

41 

<?D MOTOR 

12 

A MOTOR 

27 

$B MOTOR 

42 

4>D MOTOR 

13 

4>A MOTOR 

28 

*B MOTOR 

; 43 

$C 'MOTOR 

■ - 

14 

+ 5VDC 

29 

5V RETURN 

44 

^C MOTOR 

15 

+ 5VDC 

30 

5 V RETURN 





Table 6 HEAD ELECTRONICS INTERFACE CONNECTOR 
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ANALY S I S OF THE DESIG N 
This section contains an analysis of the sun slit and scanner signal paths 
3.1 SUN SLIT BANDWIDTH 

The following circuit represents the sun slit amplifier. 



V a =I D < Zi 
V o TVTT7 


Z f + Zc > - V o ~ZTTT J 


Zi + Z, 


+ Zc I, 






p = Zf + ZC 


! 7f 

zf + zc :i + fj 


-5- = Zf + Zc + 
1 


ZcZf 


Substituting: 
R 


Zc 


ZF 


Rc 


fc = V 


2ttRcCc 


1 + s Rc 1 + jf/fc 
ff = 1 /2-rrRfCf 


1 + jf/ff 
Zi = Ri 


Rf 


Then 


Vo = 

Rf + 

Rc + 

Rc 


ID 

1 ■*" jf /.pp 

1 + of/ fc 1 

+ j f/ fc 


= f c’ 

let f F = f p 




Vo = 

Pf t 

Rc 

Kg 

Rf 

ID 

1 + 3 f/ fp 

1 + jf/f P i 

+ jf/ fp 

Ri 

Vo 

1 

Rf 

Rf + Rc + Rc kt 

i 

.1 

1 


1 + jf/ fF 


Ri 


fp 


ID 1 + jf/ 


fp 


1 + Of/ 


fP 



RF + Rc 


1U 1 + 

J f /fp 

Ri 

(1 

+ Jf/fp) 

5. 1 ( 1 0 b ) 


CF = 

68(10' 

' il ) 

10 3 


Ci = 

3300(10“ 12 ) 

10 b 





455 Hz = 

fc = 

482 

Hz = 

fp 

Rc and Rf 

Rc 





ID 1 + jf/ 


fpl 1 


+ jf/, 


herefore: approximating 

Vo I 2RF = 2(5) (TO 6 ) 
ID 1 + jf/ fp I + jf/455 


10 7 

1 + jf/455 


A = db Closed loop Transimpedance Gain 

1 + jf/455 


f Rf = 8.66M and Cf = 39pf then: 
At = + Bo + 


Rc Rf 1 


1 + jf/ Ff 1 + Jf/ Fc 1 + f/ fc Ri 1 + jf/ Ff 


= 471 Hz 


Fc = 482 Hz 

















Using LM108A data 
V = 5 y V/oC 
I = 2. 5pA/oC 

Voltage Drift = 5 x 10 _6 x 85 (1 + - 

= 22.1 mv 

Current Drift = 2.5 x 10~ 12 x 85 x 5.2 x 10 6 
= 1.1 mv 


3.3 SCANNER BANDWIDTH 

The scanner bandwidth is controlled by a single pole in the second stage. 

fn = J - 1 

p 2 ttRC 2tt( 620 x 10 3 )(330 x 10- 12 ) 

fp =780 Hz. 
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vu R 4 + Rs 


V 


” 2 


Vin 

R 2 


_ V 2 - Vin 

R 3 


Vin = Vo R 5 _ Vin 
R2 R 3 R5) R 3 

Vin { h + R 3 } = Vo R 3 (R 4 + Rs) 


Vo 

R 2 + R3 


R 3 ( R 4 + Rs) 

Vin 

R2 R 3 


r 5 


h. 

Vo = ± Vin Rl< - ±JU. + . r 2 ( R f + Rs) 

R5 


Current Drift 





now 


since 


2 U 


R + R 

4 5 


I R R 


K = -h 1 + i.r 1 - vo{— i — ji- 


R 2 % R h + R S R 3 


Vo 


R 


I - I R 1 + 1 


R R + R 2 1 !r r 

3 * s , 2 % 


R + R R + R 

! o = " 1 2 R 3 ^ 1 + I R -* * 1 + A 

23 R 1 i- 

5 


R 


1=1 + I 

2 OS i 


' R + R R + R 

Vo = ■ ^OS + I ,) R . — L + I R — -M 


I 3 


R 


1 1 


R 


R + R R + R 

= - l os R r L ^- + 1 R - — 1 n + a)r 

R 1 1 R 


• T i »I 0S minimize above 


R R 

^ = 3 2 


1 


R t R 





Voltage and Current Drift Calculations 
LM108A 

V ov = (max ^ 

I QC = 2,5pA/o C (max) 

Using -25°C to +60°C Range 

V . = 85°C x 5 x 10" 6 x 5.92 = ±2.52MV 
ot 

and 

R + R 

V = ±AIR X 85“C -i 5. = ±3.2 MV 

00 3 R 

1) 

Voltage and Current Drift for First Stage 

V t = /(2. 52) 2 + (3.2) 2 x 10" 3 = 4.1 MV 

For second stage: 

V ot - 5 o - Q 1 — X 85°C x 310 = 131 mV 

v 0 c = 2,5 V° 12 x 85 ° C x 620 x 103 = °- 13 mV 

Total system drifts, worst case 

V ot = CU31) 2 + ( 0 . 1 3 ) 2 + (310 x 4.1 ) 2 ] (10" 3 ) 2 
= ±1.28v 

using typical values 


V„^ = ±255 mV 



3.5 


SCANNER NOISE 



The noise current contribution of R 4 and R 4 is negligible. Therefore, above 
reduces to that shown below: 



• eq due to the noise voltage is: 

Vo = 0.2 x IQ" 6 x A/^ 

R'* + Rs + (R<i + Rs) 

where A = ~ ~ 1 = 5,92 

5 

Vo = 0.2 x 10“ R x 5.92 = 1.18 y V/«- 








Igq due to V Q is: 


eq 


1.18 x 10“ 6 
2.96 x 5.1 x 10 b 


* 7.8 x 10" 14 


Therefore: 

Tj 2 = [ (0.078) 2 + (0. 1 5) 2 + (0. 057) 2 + (0.057) 2 ] x (10~ 12 ) 

I T = 0.17 pA/ Hz 

The equivalent noise current for 780 Hz bandwidth is: 

I = u< !/ x lu • V 780 x 1 . 57 = 5.95 pA 




TJiCilNI CAL SUMMARY 
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This section summarized the design considerations and design 
approach of the PAS from a system standpoint. 


4.1 SENSOR SYSTEM 


The 1UE-PAS is a medium accuracy solid state attitude determining 
system consisting of two separate sensors, the sun slit and the 
scanner. The electronics assembly has two basic modes with 
two submodes each. These are the spherical and the planar modes 
with the submodes being the continuous and sector scan. The PAS 
operation is controlled by a 37 bit serial digital command word. 
The output data is then read out in an 80 bit serial digital 
word and two single discrete digital pulses to represent the 
sun crossing. The 80 bit serial word contains timing or angle 
information about the Sun, Earth and Moon crossing the respective 
fields of view. 

The PAS hardware consists of a sun slit sensor, scanner sensor 
and associated electronics. The sun slit sensor uses the 
collimated sun signal with a slit aperture to provide signal to 
a photo diode (silicon) detector. The scanner consists of a 
light shield, optics assembly, scanner drive mechanism and 
encoder. The associated electronics consists of command decoders, 
logic control, counters, driver control, registers and power 
converter. A simplified functional block diagram is shown in 



Figure 13. As light comes into the system from either spin of 
the spacecraft or because- of the scanner drive it is encoded 
either in time from sun crossing or angle of encoder depending 
on the mode of operation (spherical or planar) . The data is 
shifted out in an 80 bit word upon command from the spacecraft. 

4.2 MECHANICAL 

The electronics is located in both the sensor head and the 

electronics assembly. However, the only parts located in 

the head are the preamp ' s, heater control and part of the encoder 
electronics. The electronics assembly contain the bulk of the 
electronics including the power converter. 

The mechanical assembly is also in two parts the scanner head 
and the electronics. The head assembly is the more complex 
since there is a scanning mechanism used to provide signals. 

The scanner head mechanism consists of a 45 degree stepper motor 

that drives a 64 to 1 gear train. The gear train is four passes 

of 4 to 1 gear reduction. The final gear is an antibacklash to 
take out angular variations . The optical assembly is then driven 
at variable rate depending on the mode and command status from 
78 .Hz down to one each digital word gate. (For the very slow 
DWG condition) . 

The mounting of the scanner head is provided at four position 
pads. The four pads will define one plane to within 0.1 
degrees and mates with a similar surface on the spacecraft . The 
electronics assembly will- also be mounted by four pads if it 
is the unit that ends up on the bottom in the spacecraft. The 

electronics unit is also provided with four through holes in 

the corners of the box to allow them to be stacked in the 
spacecraft . 


























SYSTEM DESCRIPTION 







4.3 


The sensor is a two mode operational aspect sensing system. The 
two modes are spherical and planar. Each of the two modes have 
two submodes which are the continuous and sector scan. The 
objective is to detect a crossing of the sensor field of view 
by either the Sun, Earth limb or Moon and encode data sufficient 
to determine the spacecraft attitude. This is accomplished by 
either measuring the crossing times relative to the Sun crossing 
(spherical) or the angle relative to a set of body fixed 
coordinates (planar mode). The resolution of this sensor is 
0.7 degrees in all modes. 

a . 

The sensor operation is controlled by a serial digital command 
word. The output is also serial digital data which can be 
read out at variable rates depending on the frequency of word- 
gate commands and read out clock. 

The sensor consists of a solid state silicon 0.5° by 180° sun 
slit sensor and a 0.7° by 360° scanner angle sensor. The sun 
sensor has a fixed field of view and is activated at each sun 
crossing of the 180° by .5° fan shaped field of view. The 
scanner is a 0.7° field of view sensor which can be positioned 
by a stepper motor to 512 positions, of about .7° each. 

4 . 4 Spherical Mode 

The spherical mode is for the spinning spacecraft condition. 

The maximum spin rate is 60 Rl’M about the x-axis defined in 
Figure 14. as the unit is spun about the sun slit crossing is 
used to start a counter. When the Sun, Earth and Moon crosses 
the scanner field of view two times are stored in AOS, 
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SCAN STEP AXIS (JLJ 



Instrument Assembly 
(Scanner Head) 


Figure 14 




(Acquisition of Signal) and LOS (Loss Of Signal) holding 
registers. The registers are clocked counters that start 
counting on a sun crossing and stop on a AOS or' LOS. The 
stearing logic then will accept the next AOS or LOS into two 
more counter /r.egis ters . The unit is designed to hold up to 
three sets of AOS, LOS pairs. If for example, only one of the 
two pairs of AOS/LOS signals are encountered in any one sun 
to sun crossing time the third AOS LOS position will contain 
the spin period. The data is then transferred to the storage 
buffer A after one sun crossing to sun crossing and held there 
until a digital word gate comes along. At this time (DWG) the 
next sun crossing dumps data into storage buffer B while A was 
read out at (DWG) . This operation sequence is independent of 
the submode status. 

The submodes are continuous and sector scanned. The continuous 
submode is where depending on the commanded stepper direction, 
the scanner is advanced one step on the first sun crossing 
after a DWG. This then permits the complete map of the sky in 
256 spin periods or DWG's whichever is the longer time. The 
intent here is to permit operation with many DWG's per spin 
period as well as many spin periods per DWG with no circuit 
modification. 

The second submode of spherical is the sector scan. The scanner 
in this mode steps one step on the first sun crossing after DWG 
as before except now only between 0 max. and G min. (0 max. 
and 0 min. are commanded through the command words.) The 
direction of scan controls the selected scan between 0 max. to 
0 min or 0 min. to 0 max. (inside or outside angles). . 

The scanner will continue to scan between 0 max. and 0 min. 




until switched to another mode or submode. The data is trans- 
ferred the same as before (continuous submode) . 

There is one condition which is unique to the sector mode and 
that is where 0 max. equals 0 min. When this condition is 
commanded, the scanner will step as before until 0 min. at 
which time the scanner is stopped. The data will still come 
down as before but the position of the scanner will remain fixed. 

4.5 PLANAR MODE 

The planar mode is for use with a stablized spacecraft condition. 
In this mode the sun sensor is not used. The only data will then 
be the position of the scanner relative to body fixed position. 

In this mode up to three AOS/LOS pairs can be recorded per 
rotation of the scanner. The data is transferred to buffer A 
or B on the first position 0-min. crossing along after a DWG. 

In this mode the scanner head can be stepped at different rates 
upon command of 78,39, 19.5, and 9.75 steps/sec. The data will 
then be the angular position (0.7° steps) of the AOS/ LOS ' s from 
0 min. to 0 min. There am two submodes in the planar mode as 
there were in the spherical mode. These are continuous and 
sector scan. The continuous mode is where the scanner steps 
at the commanded rate and transfers data on first 0 min. crossing 
after DWG . . 

The sector submode is where the scanner steps at the commanded 
rate between 0 max. and 0 min. The data is transferred on the 
first 0 min. position after DWG. If 0 max. is set equal to 
0 min, this mode will not transmit useful data. 



4.6 


IUE PAS CONTROL LOGIC 


The data flow control is best described with the use of a state 
diagram shown in Figure 12 The three states are counting, 
invalid and full. Since we have two output registers, this is 
a mirror image state for the other register. However the readout 
register is unique to only one set of three states. 

When the power is applied or a command in is received, the unit 
is in the in’ ilid state. This means that data is to be question- 
able until a completed spin period. In the invalid state DWG's 
will not cause the state to change. The only way to get out is 
with a valid sun crossing. At which time the state changes to 
full. It should be noted that at all times the counters are 
counting . 

In the full state the output buffers are ready to be readout 
and only a DWG will cause a state change. For example,' a sun 
crossing will not change the state. Once a DWG comes along, the 
data in the output buffer is readout and the state changes to 
counting . 

While in the counting state, only a sun crossing or a command 
in will change the state. A command in initializes the sequence 
to the invalid state and starts over. A sun crossing loads 
buffers and transfers state to full and waits for the next DWG. 

The mirror image is only to indicate that we are using both 
buffer register and output register for the same function. 

They just flip-flop on each set of complete (new) data. This 
allows us to not miss any valid set of data. 

The above description is for the spherical mode but is identical 
for the planar if we replace sun crossing with 0 min. crossing 
and counting with encoder angle. 



} 



5.0 FINAL CALIBRATION DATA 


The calibration data in this section comes from the test data 
taken during the acceptance test of each unit. The test procedures 
are defined in the documents referenced on each data sheet. The 
data sheet are in the appendices listed below: 


APPENDIX 

CALIBRATION DATA 

REFERENCE DOCUMENT 

C 

Power Supply Frequency 

BBRC 

49960 

D 

Sun Stability 

BBRC 

51975 

E 

Mechanical Dimensions 

BBRC 

49961 

F 

Optical and Electrical 

BBRC 

59959 
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Dark Current 
-5 Volts 
-10 Volts 
Responsivity Peak 

N E.P. 

1000 c.p.s. Center 
1 c.p.s. Bandwidth 
1-5 Volt Bias 
8500 A 
Capacity 
—5 Volts 
—10 Volts 
-20 Volts 
Response Time 
20 Volts, 50 ohms 
Maximum Steady 
Reverse Voltage 
Active Diameter 
Active Area 


Pin-020A I Pin-0 20B Pin-040A Pin-040B 


Min Typ Max Min Typ IVbx Min Typ Max Min Typ Max 

50 150 800 200 400 4000 Pico amp 

75 250 1000 300 600 6000 Pico amp 

,42 .42 .42 .42 amp 

watt 


6 x 10" 15 


2 x 10 -14 


2 x 10' 


2 x I.Q- 


40 

8 x 10“ 3 


9 x TO" 14 


25 Volts 

40 Thousandths 


8 x 10- 


GLASS 

WINDOW 




1.50 MIN 


TO-18 HEADER 

CATHODE (+) 
ANODE (-) 
(CONNECTED 
TO BASE) 



Signal current ~ 0.5 juA/jLiW 

Shot noise current 

<3 x 10~ 15 amp/Hz 172 PIN-020 A 

< 10 -14 amp/Hz 1 12 PIN-040A 
Dark current 

« 10. 11 ohm 

< 50 ohm 


Li 


UNITED DETECTOR TECHNOLOGY INC. 


FORM NO. 1000 
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CODE IDENT NO 13993 


DOC NO 4_99_6 j j 

DATE 

SHEET 1 6 REV 


Date Sheet 1 

SERIAL NUMBER 

• S/N CDOSL £ iTTbS r Ptrt toDSL &3o/LL' ^ 

• Signature of Test Operator Qyu+*l£— ■ 

• Start of Test S/^/2 M 

• E * d of Test & 4 a 4 

EQUIPMENT REQUIRED 

• Temperature Chamber, Delta Designs Model 6545L or equivalent, 


Temperature Indicator, Minco Model 100A or equivalent, 


", s/N Sgjra 


calibration due 


Oscilloscope and Camera, Tektronix 547 or equivalent, 

7 , S/N Q^9ool > calibration 


Frequency Counter, HP 524 51, or equivalent p 

S/N d>7d*2- calibration due -3 / r; 

DVM Plug In, HP5265A or equivalent MP-M-kZlQ 

S/N , calibration due ^.j / , ^ . 

Current Meter, Weston 911 or equivalent njjg 

S/N 4Je£ > cal ibrat ion due *7*7 • 

Power Supply, HP61.14A or equivalent ^ 1 ff , 

S/N CL=SJ2J3bSl * ca 1 Lbra tion due ?7 , 

Decade Resistor Box, GR-1432-M or equivalent ^- jt^ea AJ //< * 
S/N 'Ay/ /Z , calibration due s Lt»=a ? &=& A/VjZ. ■ 


Decade Resistor Box, GR~ 143 2 -M or equivalent 

S/N ££ , cal i brat ion d u c (A/zJLf/i 

VOM, Simpson 260 or equivalent ^ / /:? __ __ , 


S/N Mr* 


, cal i. bra tion due 
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BOULDER COLORADO 8030? 


CODE IDENT NO 13993 


doc NO . 4 9 9 0 (J 

DATE 


SHEET 


Data Sheet 2 


Power Supply Current. 

Visual Inspection . 

EQ1 ( 2 N 48 58) Gate Voltage 
S/N /2 17 

R1 = EQ1 x 100 ohms 

volt 

R1 Selection 
Record R1 Setting. 

Record Nearest 5% Value, 

R3 Selection 
Record R3 Setting. 

Record Nearest II Standard Value 

Record Frequency 
Measured 


R2 Selection 

Record R2 setting 

Record nearest II standard value 

No-Load Input Current 
'• Measured 


Check 

Check 


_ m A . 

F u 1 1 -1. o ad I npu t Cu rren t 
Measured 

IJ7J - ,J nA - 
Zener Voltage 
Measured 


* w* ^ ' 

4 o m 

NW 

ft 

(±14. 


N{G 

.0 

K/J? 

0 

Reference 

Only 



y 

N.l/3. 

ft 

Rcqui 

remen t 

25 + 

15 mA . 

Rcqui 

rcinont 

10 0 + 

20 mA 

Requi 

remen t 


£•@•0 C) Y • 


20 + 2 V. 
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CODE IDENT NO 13993 


DOC NO _ 
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Data Sheet 2 (.Continued) 


+5 Volt Measurement 
Measurement 


Requirement 


5.6 + 1.0 V 


+20 Volt Measurement 
Measurement 


Requirement 


2 0 + 2 . 0. V . 


4,8.5 +5V Ripple Measurement 

Measurement 


Requirement 


. Pk - Pk 


^0.0 5 V. Pk - Pk 
< 


4.8.7 +20V Ripple Measurement 

Measurement 


Requirement 


Q.OZS' V. Pk - Pk 


^0.25 V. Pk - Pk 


4.9.1 


Past Turn-On Check 


Check 


4.10.2 Isolation Resistance 

Measurement 


Requirement 


y to v. 


*1M0 

> 


BR -488 
’ ?5 




Data Sheet ^ 


JX?***' page 








V 












BIBWI 

■■BSHBM 


,&V W '- A . 


,^,4 Dan oromers Hesearch corporation 

kjH ;bvc ,AP<',* Pi COW’ORAliON 


00C NO 


BOiJl DC « COl OHADO 80 )0? 


COOE I0ENT NO 13993 


SHEET 


Data Sheet 4 


ORIGINAL PAGE EJ 
p, X>R QUALrm 


■ . ■ 


r- tfv ; . ** 


Ripple Voltage 


20V. Ripple Voltage 


50mV/cm 


1 OiiS/ cm 


50mV/cm 


1 OuS/ cm 





% Bail Brothers Research Corporation 

SUBSIDIARY OF BAU CORPORATION 


DOC NO 


BOULDER COLORADO 80302 


CODE IDENT NO 13993 


SHEET 


4.11.3,4,5,6 
Power Supply 


Data Sheet 
Nominal Temperature 

Freq. Switch 
Setting 


2 8v + 
27.44v + 
28. 56v + 
28 v + 
27.44v + 
28. 56v + 


01 volt 
01 volt 
01 volt 
01 volt 
01 volt 
01 volt 


19 KHz 
19 KHz 

19 KHz 

20 KHz 
2 0 KHz 
20 KHz 


ORIGINAL PAGE IS /W d 
OP POOR QUALITY 


Displ ay e el 
Frequency 

lAA97 mz 

/3iZZ£. mz 


19 KHz + 570 Hz 
19 KHz + 570 Hz v 

19 KHz + 57 0 Hz /*' 

20 KHz + 600 Hz 
20 KHz + 600 Hz \° 

20 KHz + 600 Hz^^ 


4.11.7,8 


- 20°C Temperature 


Power Supply 
Setti ng 


Freq. Switch 
S e tt inn 


Displayed 
F r e n u e n c v 


2 8 v + ,01 

volt 

19 KHz 

Z£*4JL. Kllz 

19 

KHz +570 

Hz 

27 . 44 v + ,01 

volt 

19 KHz 

I&.ALZ' KHz 

19 

KHz + 570 

Hz 

28,s6v * .01 

vo 1 L 

19 KHz 

I&jIjCO- KHz 

1 9 

KHz + 570 

Hz 

? 8 v + . 01 

volt 

20 KHz 

IQ zTQQ KHz 

20 

KHz + 600 

Hi 

?7.44v + .01 

volt 

20 KHz 

( 9- S 0 ~o KHz 

20 

KHz + 600 

Hz. 

2.8.56V + .01 

volt 

20 KHz 

ix,$c>.aj-\ >2 

2 0 

KHz + 600 

Hz 

4.11.9,10 

+ 50° C 

Temperature 





Powei Supply 


Freq . Switch 

1) isp 1 ay eel 




Setting 


Setting 

Frequency 

Requirement 


28 v >• .01 

vo 1. 1 

1 9 KHz 

/&.27r. in ' 

19 

KHz + 570 

Hz 

27.44v .01 

volt 

19 KHz 

I8.7<*& h:ll: 

l y 

KHz » 57 0 

Hz 

28.56V ,01 

vo 1 1 

1.9 KHz 

/#• 773 F" • 

19 

KHz + 570 

Hz 

28 v + .01 

volt 

20 KHz 

FH" 

20 

KHz + 600 

Hz 

2 7 , 4 4 v + .01 

vo 1 1 

20 KHz 

tlSJ.!,.}"- 

20 

KHz + 600 

Hz 

28.56V + .01 

volt 

2 0 KHz 

HL8ZI. Kl1 - 

20 

KHz + 600 

Hz 




Date Sheet 1 


SERIAL NUMBER 


ORIGINAL PAGE IS 
OP POOR QUALITY} 

S/N . , 3 

Signature of Test Operate '* 

Start of Test ^s^loJo^.- 

End of Test £//4 -/?(s 


EQUIPMENT REQUIRED 

Temperature Chamber, Delta Designs Model 6 54 SI nr equivalent 

N/ft , s/n / 33 3 


Temperature Indicator, Minco Model 100A or oqu i va !• .m . 

-jm~ S/N l_3jn. calibration 




due 


Oscilloscope and Camera, Tektronix 54 7 or equ iva ! eu t , 

J 2_C*£ > S/N Zf. .mi 1 i»m at ion 

due 


Frequency Counter, HP'S -J 4 5.1. or equ iva lent AS A 
S/N 1 > ca iibrat i on due _ i//6 7A^ ... 

i VVM P 1 u g I n , II P 5.2 6 5 A or c qu i v a 1 e n 1 f 


_, cal i brat. ion due _ 

Current Meter, Weston 911 or equivalent JJUB 

7- — > ca 1 ibriit 1 ° n ^tie a//j/.7u. 

Dower Supply, 1 1 P 6 1 1 4 A or equivalent AJ / f-? 

S/N 0 - 8 .. 7 7a? > ‘ 1 1 i b ’’a I. ion due 7 //£*/? £ 

t>r* afle Rea i s to r Box , tilt I 4 5.1 *4 or equ j ya 1 on I c'jj 
1 > / N Jg&fZC?, SoCa ( » l - al ihrat i on luo //, 

Decade Resistor Box, UR 1431 -M nr equivalent 
S/N J3-A.7 7 » ca 1 ibral ion due 

VOM , Simpson 260 or equivalent (Jf? 

> cal ibral inn 


0-1 


Data Sheet 2 


5 . 5 . 1 

Power Supply Current. 

Check 

4, ! 

Visual Inspection. 

Check // 

4.4.1 

HQ I (2N4858) Gate Vo U aye 



S/N IJl n 

* S3 V v . 

4.4.2 

R1 = IIQ1 x 100 ohms 

^53 


volt 


4.5.2 

IU Selection 



Record R1 Set-tiny. 

7 / 


Record Nearest 5 % Value. 

,7> e 

4.5.3 

R3 Selection 


/ 

Record R3 Setting. 

14 1 


Record Nearest 1% Standard Value 

lsrz> 

4. 5.7 

Record Frequency 



.Measured 

Vo f ' fvijr * 


O 4 Q.Pt ,^11 

i'll 1 > 

4 . '•> . n 

R2 Selection 



Reco rd R2 set t i ny 

/9r^~ 


Record nearest .11, standard vilue 


4 (>.l 

No Road Input Current 



llcasurod 

Rerun r ■ me 1 : 1 


3 mA - 

2 3 * 15 •• ' . 

4 . . h 

lull Load Input Cur real 



y Measured 7/ 

R"(Ui i rpii 1 n ‘ 


/ f 0.0* 0 in 1 • 

1 Mi * . 0 

4 .7. 1 

i.eno r Vo 1 t a ye 



Measured 

Re r | u 1 r> r I 


Jp*/3$ x 

.'O' 1 


ORIGINAB PAGE IS 
OP POOR QUALITY 



\i « I*. 

i it i rt** 


CODE IDF.NT NO 13993 SHEEf 


Da l a Shod 2 l< ou t, i miotl ) 

+5 Volt Measurement 
Measurement 

s jz a v . 


Requ i to men f 
:> . 6 i- 1.0 V 


+20 Volt Measurement 
Measurement 

v- 


Requi rcnien t 
20 + 2.0 V. 


+5V Ripple Measurement 


Measurement 


V. Pk - Pk 


Rcqu i rei!i'”i ' 
'0.05 V. H 


+20V Ripple Measurement 
Measur e ment 

, V- Pk - Pk 


Requ i remen 1 
^0.25 V. I’l 


Hast Turn-On Shock 


:o;kL<± 


t sol at ion Resi stance 


Measurement 


2U. 


M, 


Requ j remen 1 


0EtemAiiP®»a 

op POOR QUAUEw 




+++■ ! i 


■ ■ -‘ M l' 


* 

mi 


V ?ll Prc*' 


ORIGINAL PAGE IS 
OF POOR QUALITY 







Data S h e ( t 5 


4 .11. 3 

,4, 

5,6 

Nomi 11 

al Temperature 





l’owei 

Supply 


Kr eq . Switch 

Di sp 1 aye-1 




Set 1; 

i n\i 



Sett: inj» 

frequency 

1 ’ - * t [ u i rom< 

>nl 


28 v 

+ 

, 01 

volt 

19 KHz 

fSdZat'U 

IP K 1 1 •< 

5 7 0 

11 

2 7.44v 

4- 

. 01 

volt 

19 KHz 


19 KHz •; 

5 7 0 

II 

28. 50v 

4- 

.01 

vo 1 1 

19 KHz 

JRca.tP'Vy* 

19 KHz + 

57 0 

11 

28 v 

+ 

. 01 

V 0 1 1 

2 0 KHz 


20 KHz ‘ 

h 0 0 

11 






n ddTossr 




27.44v 


. 01 

VO 1 t 

2 0 KHz 

JtPrQ 

70 KHz + 

0 0 0 

H 

28. 50V 

4 

. 01 

V 0 1 1 

20 KHz 

Si Q.0 'AfrKHz 

7 0 Ml; < 

MJ0 

11 


4.11.7,8 - 20°C Temperature 


Power Supply 

V 

: req . Swi tch 

Displ ay r'd 



Se l t i nr_ 



Sett in 

■i r( HLH r ' n '- Y 

".otpll 11 ( 

M H‘1> f 

28v + ; 

01 

volt 

19 KHz 

:&-780' 

1 9 111?. 

•1 % " 1' 1’ 

2 7 , l 4 

01 

■■v 0 1 1; 

19 KHz 

18SS3'" 

■ 9 1 11.; 

p r , 'll M 

,2 S . ■> 0 ' • *• . 

0 t 

vi' I !; 

19 KHz 

ii.BAb'"' 

| O V|| • 

<• 1 - : 

’ 8 v - . 

01 

v 0 1 t 

20 KHz 


•9 I'll;. 

f M) |J - 

7T, 44 v 1 - . 

01 

v 0 1 1 

2 0 KHz 

/f, $ 4 ^'/' 

' 0 KHr 

-y {»[)(• r 

* . 

01 

v 0 1 t 

20 KHz 

/ Kll- 

7 0 KHz 

* m )\) 1! 

4.11.9,10 


+ 50°C 

Temperature 




P'Mv'p 1 -'S' 1 1 vj 1 1 y 

1 

reqV Sw itch 

O i sp 1 aytvl 



Set t i iiy 



Se l 1 i 11 j* 

l ; r eq u f .’ii r y 

•" eqU i v* 

.M’l'Tt 1 

/A *> \ 

OL 

v < v 1 1 

19 i’ll : 

i9,os T\ h 

1 •> HO 

1 e ! | 

?1 \ 4 Iv * . 

. 01 

V 0 1 t 

1 9 KHz 

/y,o&3 

1 9 !• ! r • 

1 . V ‘/I 

/tt . ~ (,y * . 

. 'H 

VO 1 t 

1 9 KHz 

I$'a733 ."■V 

f: Mi: 

‘ ‘ * H } 1 

2 S v . 

. 01 

vo 1 t 

2 0 KHz 

1 1!;; 

9 !'H. 

4 rw)i; \ < 

77 .44 v- >" , 

. 01 

volt 

2 0 Kllr 

MjqSO Kl! 

•0 Ml.: 

j 'v(}n M 


.01 

volt 

?0 Ml z 

^0*0 SO K!!.. 

•n KM.: 

-4 (jfjo n 


-assss 





Uatl uiOiiMa ncsvaivii vwi pwiuuvi • 

l >iHMt/AHv r it UAt: r OHPORATiON 
B« mi, [if h COt UR ADO 80302 


CODE IDENT NO 13993 


DOC NO 2 

DATE 

SHEET _L£__- REV 


> o 




L 


3 . 2 


3.3 




Date Sheet 1 

SERIAL NUMBER 

s/n o o ?r ^ 

Signature of Test Operator lQ. ^ Me Q^LikcUL 

Start of Test SV/z/y L* 

End of Test 

EQUIPMENT REQUIRED 

Temperature Chamber, Delta Designs Model 6545L or equivalent 

ff Iff . s/m Z33-3 ■ 

Temperature Indicator, Minco Model 100A or equivalent, 

— L _, S/N L3~d » calibration due 




Oscilloscope and Camera, Tektronix 547 or equivalent, 

AJ { & , S/N £ / a 3J£=£> calibration 

d “e _/4 / . 5' /2 <r : • 


Frequency Counter, HP5245L or equivalent . UMZ - 


S/N "g3j?S> ,5'7^.V~ . calibration due / / J d7 ? ^ 

DVM Plug In, HP5265A or equivalent u (_J3 l 


S/N uste c,<u a , calibration due -UjSJ-tff 

Current Meter, Weston 911 or equivalent 
S / N 8-3 9-/7 , calibration due 


Power Supply, HP6114A or equivalent_ 


S/N C. - & , calibration due 

Decade Resistor Box, GR-1432-M or equivalent ^ 


S/N ££ 4/ / , calibration due /y / j~ 

Decade Resistor Box, GR- 1 432 -M or equivalent 

S/N , calibration due_ ALlSJJ- o 


VOM, Simpson 260 or equivalent^ 

S/N A3 O , ca libration due / / )jjzjt3__ it 




BR-408 

i-/5 




Ball Brothers Research Corporation 

Subsidiary of bai i corporation 

BOULOEH COLORADO 0030? 


DOC NO 


CODE IDENT NO 13993 


3.5.2 


4.4.1 


4.4.2 


4.5.2 


4.5.3 


4 . 5 . 7 


Data Sheet 2 


Power Supply Current. 

Visual Inspection. 

EQ1 (2N4858) Gate Voltage 
S/N /£-B 

R1 = EQ1 x 100 ohms 

v3TT 

R1 Selection 
Record R1 Setting. 

Record Nearest 5% Value. 

R3 Selection 
Record R3 Setting. 

Record Nearest 1 % Standard Value 

Record Frequency 
Measured 


<?U. %o 3 acHz 


SHEET 


Check 

Check 


3 


Reference 

Only 


4.3. y 


- 1 . 6.-1 


4.0.6 


R2 Selection 

Record R2 setting 

Record nearest 1% standard value 

No-Load Input Current 
M easured 

3JS.Q m A. 

Full -Load Input Current 
Measured 




Re quirement 
25 + IS mA. 


Requirement 


160 + 20 mA 


4 . 7 . 1 


Zener Voltage 
Measured 


Requir o men t 


20 + 2 V. 




4 9 9 0 0 


MRS Ball Brothers Research Corporation 


Vlb'-.lOiAHY 01- ft A l i CORPORA) tQN 
ftOUi IA ft COi ORADO 80302 



DOC NO 


TE 


CODE IDENT NO 13993 


SHEET 


M 


REV. 


4.7.2 


Data Sheet 2 (Continued) 

+5 Volt Measurement 
Measurement 


4.7,3 


4.8. 5 


S./dfi V . 

+20 Volt Measurement 
Measurement 

^,.171 v - 

+ 5V Ripple Measurement 
Measurement 

V - Pk - Pk 


Requirement 
5.6 + 1.0 V 

Requirement 
20 + 2.0 V. 


Requirement 

< 

$0.05 V. Pk - Pk 


4.8,7 



+ 20V Ripple Measurement 
Measurement 



Requirement 
So. 25 V. Pk - Pk 


4,9.1 Fast Turn-On Check 


O Check 



10 . 2 


Isolation Resistance 
Measurement 



Requirement 

> 

flMtt • 


I, ' 











i 



MPl 


v'-JwSW mmmmmmnmrn 

w-y-tw#* 

>£•': i 


Si' 




i L 




fS 

K~ « 
• ^fia 



pin 

Hpi 

¥'~ •fl? 

V' •’** : 

i pvt* 

mi 

Mil — 

|j : • 

■KUF& mmh 

my 

jjjk ^ 

B H 

jjjS 

■***■• 

■pp 

lisps 

■ : ? i v ^ f:: 

MP 


JW~~ -•■' •■ ;. 

; 's€^ 

f ' 


g 


nui 

ite 

MHLSii 

s 

■.?■ ■ aw 

9 

^ .„*■ 
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|jjg* * 




Ball Brothers Research Corporation 

■ tU'rfj.Altv Ol BAl 1 CORPORATION 
BOUiftfft CUt ORADO 80302 




DOC NO i 99b C .. 


CODE IDENT NO 13993 


DATE 

SHEET 16... . REV. 


Date Sheet 1 


SERIAL NUMBER 


Signature of Test Operator (jj. gf /hcSJdLu^V 

Start of Test < r / // / . 76 

End of Test 

EQUIPMENT REQUIRED 

Temperature Chamber, Delta Designs Model 6545L or equivalent 
H/rt . S/N /J3 Q . 

Temperature Indicator, Minco Model 100A or equivalent, 

hll/9 , S/N , calibration due 


Oscilloscope and Camera, Tektronix 547 or equivalent, 
AJ (rf , S/N /T- / J_ g calib 


cal ibration 


Frequency Counter, HP5245L or equivalent 
S/N te: calibration due tt/s 


DVM Plug In, HP5265A or equivalent /LiL/jQ 

S / N &&&£— calibration due Jj /,tr/TO. 

Current Meter, Weston 911 or equivalent_ lJ /#- 
S/N B- JJ-/7 , calibration due h/f,/ . 7 . i> 

Power Supply, HP6114A or equivalent yy / /9* , 

>!*£.-& - 7 <* 1 , calibration due — _ 

net. ride. Resistor Box, GR-1432-M or equivalent ////Q. 
S/N gffigg SObf , ca 1 ibrat ion due 

Decade Resistor Box, GR-1 432 -M or equivalent 
S/N_ 313 0. , calibration due <e. / t4/ZC 

VOM , Simpson 260 or equivalent 6z jlit. 

S/N (T - tfY30 , calibration due 



t 


Ball Brothers Research Corporation 

StJ&’illjiAHr rji HAi i CORPORATION 
fiOUl DEH. COLORADO 80302 


CODE IDENT NO 13993 


DOC NO 


SHEET 


Data Sheet 2 


Power Supply Current. 
Visual Inspection. 

EQ1 (2N4858) Gate Voltage 


Check_ 

Check 


R1 = EQ1 x 100 ohms 

volt 

R1 Selection 
Record R1 Setting. 

Record Nearest 5% Value. 

R3 Selection 
Record R3 Setting. 

Record Nearest II Standard Value 

Record Frequency 
Measured 

I "I kH z 


Reference 

Only 


R2 Selection 

Record R2 setting 

Record nearest II standard value 

No-Load Input Current 
Measured 


LSSu 


Full -Load Input Current 
Measured 

jnA. 

Zener Voltage 
Measured 


25 + IS mA, 


Requirement 


1 60 + 20 mA 


Requirement 


2 0 + 2 V 







5 Ball Brothers Research Corporation 


DOC NO 


V ‘tl'.i'. Ahr ’ liAi i f.OHPOWATION 
[J<- f.f H f.Ol OHADO 80302 


CODE IDENT NO 13993 


SHEET 


4.7.2 


Data Sheet 2 (.Continued) 

+5 Volt Measurement 
Measurement 


Requirement 


S'- 0 ?P V. 


S . 6 + 1.0 V 


4.7.3 


+20 Volt Measurement 
Measurement 


Requirement 


4.9.1 


Fast Turn-On Check 


20 + 2.0 V. 


4.8.5 


+5V Ripple Measurement 
Measurement 

C V. Pk - Pk 


Requirement 

C 

>0.. 05 V. Pk - Pk 


4.8.7 


+20V Ripple Measurement 
Measurement 


. Pk - Pk 


Requirement 
>0.25 V. Pk - Pk 


4.10.2 Isolation Resistance 

Measurement 


Requirement 


*lMfl 







Ball Brothers Research Corporation 


'.'A ' Mh\/t •*) *// 


CODE lOENT NO 13993 
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- 

1 

K/y^ r M 
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tm 
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Data Sheet 


4.11.3,4*5,6 Nominal 


Power Supply 
Setting 

28v + .01 volt 
27.44v + .01 volt 
28 . 56v + . 01 volt 
28v + .01 volt 
27 . 44v + . 01 volt 
28.56v + .01 volt 


Temperature 

Freq. Switch 
Setting 


19 KHz 



20 KHz 
20 KHz 


4.11.7V& • -20°C Temperature 


Power Supply 
Setting 


Freq. Switch 
Setting 


28v 

+ . 

01 

volt 

19 

KHz 

27 

. 44v 

+ 

01 

volt 

19 

KHz 

28 

. 56v 

+ , 

01 

volt 

19 

KHz 


28v 

+ . 

01 

volt 

20 

KHz 

27 

. 44v 

•f , 

01 

volt 

20 

KHz 

28 

. 56 v 

+ * 

01 

volt 

20 

KHz 

4. 

11.9 

,10 


+ 50 

°C Temperature 

Power ‘ 

Supply 


Freq . 

Switch 


Sett: 




Setting 


28 v 

+ . . 

01 

volt 

19 

KHz 

27 

. 44 v. 

+ . 

01 

volt 

19 

KHz 

28 

. S6v 

' 4- . 

01 

volt 

19 

KHz 


28v 

4* . 

01 

volt 

20 

KHz 

27 

. 44v 

+ , 

01 

volt 

20 

KHz 

28 

. 56v 

+ . 

01 

volt 

20 

KHz 


5 






APPENDIX D 
SUN STABILITY 



i r-i •> i i . ii iiu ! i s respond with ;uu\i» rap 
uu' 1 ionai , Sun Scab i 1 i ty-PAH, S3 ) " 3 . 

1 fi];\J;kAI. 


upbers i'|‘ 'Sos’ Pr 


serial Numbev_ O a A A . 

Vos i Operator Si gnat uro 0kt) 

Date of Test v? /J.J/7Z, , V-V 


il i/-n> 


LOUIPMBNT REOUIRHD 


Universal Timer-Counter, CMC (>0/A or t qu j v.i lent 

•vs- R-i,$AS' ..., cal nau / 9 U6 l a xfe 

Dower Supply , iii’021 BA or equivalent C ‘dJAJL ■ 

S/N (t~ Q ?.f;i ■ cal /3, 7 0 .... 

Decade Resis tor Box , ( IR.l 4 Si -M ox equivalent; JAsLjS.2*. 

s ' * - > C a j na t e . ^Cf ( f . 7 (* ■ 

Dulse Generator, 31 Model PG-32 or equivalent AL /(^l _ 

V* BB<A S7S0 Cal rate Aot/. a~ 7 6 

Osc i i loscopo >v 1 • li Game ra , Tekt ror i x "B2~A or eqiu ' *2<fe3{ 
•_ • / • , s / \ (A 002 - . c ,i ! Da ’ > AUv '/J? 


u ,i s ■: Dc lav 


Measured 

4-LjU ■■ 


A S * + I52u ' '• e e 


1 1 ii w i i i i v* M *. ii s u v v.’ rio n 1 


; * |U 1 W hi r ' i . 

‘c. ■ Ini i nr* 1 p re v j mi- s r ;'n 


da U VCC. 


ORIGINAB PAGE B 
OPI POOR QUALITY 





Data Slice t 2 


4.2.3 


ORIGINAL PAGE IS 
OF POOR QUALITY! 



1 V/cm 


SOOus/cm 


2 V/cm 


Sun SI it Threshold 


Falling F.dge Threshold Amplitude 


Requirement 
1/2 peak + 0.5 V 

Falling F.dge Time Relay 


Measured 

(-.0 V . 


Measured 


ps 


4- 20 


Reference Only 









I . 
1 


Ball Brothers Research Corporation 

SUBSIDIARY OF BALL CORPORATION 
BOULDER. COLORADO 80302 


DOC NO 


CODE IDENT NO 13993 SHEET 


Data Sheet 1 

Paragraph numbers correspond with paragraph numbers of Test Procedure, 
Functional, Sun Stability- PAS , 51975. 

3.2 GENERAL 


• Serial Number 

• Test Operator Signature, 

• Date of Test 7/7*3/ ?/„ 

EQUIPMENT REQUIRED 


ft ■ 


Universal Timer-Counter, CMC 607A or equivalent, 


Cal Date 


Power Supply, HP6218A or equivalent ^9 

S/N B IZ-I 4- /„ ■ Cal Date Z 7 / g ; C- 

Decade Resistor Box, GR'l 4 3.2 -M or equiva lent /!///?• 

S/N Cal Pate 7 . /f 77 

Pulse Generator, 31 Model PG-32 or equivalent 

S/N g/3£.<2 S- 7 ^C> > Cal Date 2jk 

Oscilloscope with Camera, Tektronix 7623A or equivalent^ 
• , S/N Crc 2. > Cal Pat 0 . /V& 7 // 


4.1.2 Pulse Delaj 


Measured 


Vi Sec. 


Requirement 
436 + 1 3 2 y Sec, 


4.1.3 


Stability Measurement 


M easured Requirement 

_v Sec. Change from previous step must be 
< 2 p Sec . 




Data Sheet 2 



t V/ cm 


500us/cm 


2 V/cra 


Sun Slit Threshold 


ORIGINAL PAGE IS 
OF POOR QUALITY 


Falling Hdge Threshold Amplitude 


Measured 


R e qui rement 


4, 0 v- 


1/2 peak +0.5 V 


Falling Edge Time Delay 


Measured 



lis 


Reference Only 













^ uan orouiers Hesearcn uorporation 

gtf SUBSIDIARY or 0 A 1 1 CORPORATION 


BOUl.DER COLORADO 8030? 


DOC NO 
DATE 

CODE IDENT NO 13993 -SHEET *1 


Data ■ 5i.li- ot 1 

Pa tn graph numbers correspond with paragraph numbers of Tost Procedure, 
Functional, Sun Stab ill ty-PAS , 5 1975 . 

3.2 GENERAL 


• Serial Number c> a 4- 

• Test Operator Signature 


Date of Test 


* 

OF POOR QUALM 


Z ooSft 


EQUIPMENT REQUIRED 

Universal Timer-Counter, CMC 60 7 A or cqi 

S/N EM£cL LMs&Sl i>* tc JUdLi 

Power Supply, IIP6218A or cquiva tent 

§ l2./<Kr _ . 


S/N ^ p ,« > Ca 1 Date p£~c Z9 / ? 

Decade Resistor Box, GR J 4 3 2 -M or equivalent J) 7? tTZ- 

S/N g42^? . ( '• 1 1 1 t o . Q qt Z. J-^-7-U 

Pulse Generator, 31 Model PC- 32 or equivalent 2Jjl 

S/N f? 7_ 7^ , Cal Date f[ / ab r 5 74 


Oscilloscope with Camera, Tektronix 7b 2 3 A or equivalent 

_> S/N/f QcaZ, , Cal Da to/yoU / 7 ,. 


4.1.2 


Pulse Dela’i 


Measured 


Requi foment 


a Sec. 436 + 132y Sec 


4.1.3 


Stability Me as u r c me nt 


Measured 
4 n H Sec 


R equ i rcnve ivt 

Change ( t om previous s top mus t be 
< 2 11 Sec . ' 





'it /<. 








Data Shod 2 



Sun Slit Threshold 


Falling Hdge Threshold Amplitude 


Measured 


Uc( irement 


I/; peak * 0.5 V 


DO. ill 



- - ivovOiwM OUf pulditOM 

Si >: Afiv r>f f)Ai i r riMfVifiAVtorj 
ROUI Of M CJM * )MA|>rj HOI'i? 


COOE IOENT NO 13993 


SHEET J, 


Data Sheet 5 



Threshold Stability 


Falling Edge Threshold Stability 


Measured 


Retain <ent 


Threshold < Paragraph 
4.2.3 ♦ 1,6V (0.1°) 


1 111 ( 

.' K <. / 


° R ‘GlNAf » 


8R 481 





Ball Brothers Research Corporation 

SUBSIDIARY OF BAU CORPORATION 


000 NO 


h J 0 ; 


ywuuiwnm WTV'nmiVjn) DATE 

BOULDER- COLORADO 8030? COPE IDENT NO 13993 SHEET 0 REV 

Data Sheet 1 

Paragraph numbers correspond with paragraph numbers of Test Procedure. 
Functional, Sun Stab ili ty-PAS , 51975, 

5 . 2 GENERAL 


Serial Number <3 O 

Test Operator Signature jQ.- 
Date of Test /«/ 3&'/’? L, 


EQUIPMENT REQUIRED 


Universal Timer-Counter, CMC 607A or equivalent 
S/N KR/7<v/o 277 .Cal Date < t* 


Power Supply , IIP6218A or equivalent i4-P /^ ( /^f /3 

S/N , Cal Datc <//g-^ 2.2. / ± 7 7 

Decade Resistor Box, GR1432-M or equivalent ^ L£L 

S/N &M>RC cal Date ^ ) ft 

Pulse Generator, 31 Model PG-32 or equivalent 

S/N > cal Date jq 0 ,j 

Oscilloscopc with Camera, Tektronix 7623A or equivalent 
, S/N c-fool- Cal l>at c/W/2 


4.1.2 


Pulse Dela\ 


Measured 


Requirement 


2 . P Sec. 436 + 132p Sec, 


4.1.3 Stability Measurement 


Measured 
3A Z, u Sec. 


tcquxremcnt 


Change from previous step must be 
< 2 p See . 



Data Sheet 2 



l V/cm 


SOOys/cm 


2 V/cm 


Sun Slit Threshold 


Falling F.dge Threshold Amplitude 


Measured 


Requ i rement 


v - 


.1/2 peak + 0 . 5 V 


Falling F.dge Time He lay 
Mcasu rod 


O DO 


ns 


Reference Only 






Data Sheet 5 


4.2.4 


J 


Threshold Stability 


IV/ cm 


5ms/cm 


2 V/ cm 



Falling Edge Threshold Stability 


Measu r ed Requ i rcmen t 

- ^ ^ • Threshold of Paragraph 

4.2.3 .♦ 1.6V (0.1°) 


ORIGINAE page is 
OR POOR QUALITY 






Ball Brothers Research Corporation 

SUBSIDIARY OF 8AI L CORPORATION 
BOULDER. COLORADO 80302 


DOC NO -L 
OATE 

CODE IDENT NO 13993 SHEET _0 REV. 


Data 1 

Paragraph numbers correspond with paragraph numbers of Tost Procodt op, 
Functional, Sun Stabi li.ty-PAS , Si 9 7 5. 

3.2 GENERA h 


• Serial Number O O 

• Test Operator Signature^ 

• Date of Test 


EQUIPMENT REQUIRED 


Universal Timer-Counter, CMC 607A or equivalent /V//? 

S/N , C a l Date /??/?/£ J. ' 7 2 

Power Supply, I IP 6 2 1 8 A or equivalent 4/ p </, // & /? 

S/N CJL2S-& , Cal Date 3j£<lZ2 

Decade Resistor Box, GR1432 -M or equivalent tJx/E 

S/N Z3/3g£. > Cal Date 

Pulse Generator, 31 Model PG-32 or equivalent A/ //? 

S/N /g/S/Zt* 6 ~7£/s> , Cal Date frdU 5. 7 <b 

Oscilloscope with Camera, Tektronix 7623A or equivalent 
7 (a 33 , S/N £-J?0G 2. , Cal Date Au u t/> 


4.1.2 Pulse Delay 


• Measured 

-3*9 Mk . 


Rcciui rement 


p Sec . 436 + 132u Sec, 


4.1.3 


Stabi 1 i t y Me a s u r e m e n t 


Measured 
34& a Sec. 


Requirement 


Change from previous step must be 
< 2y Sec . . 




Data Sheet 2 


1 V/cm 


5 0 0 u s / c m 


2 V/ cm 


Sun Slit Threshold 


Falling Hdge Threshold Amplitude 



Measured 


Requi renent 


4 .0 V. 


1/2 peak + 0.5 V 


350 


ORIGIN AU PAGE IS 
0E POOR QUALITY 
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APPENDIX E 

MECHANICAL DIMENSIONS 








Bail Brothers Research Corporation 

Subsidiary of bau corporation 
BOULDER COuOHAOO 80302 


DOC NO 


COOE IDENT NO 13993 SHEET 


Data Sheet 2 


Dimensional Measurements 


Electronics Assembly (Figure 3) 




Dimension 


Required 

6.195 

6.175 


Actual 


c.n 7 .inches 


6.025 

6.030 


£>'01% inches 


5.847 Basic 


inches 


5. '29 5 
5.285 


z ^ i nches 


ORIGINAL PAGE IS 

OF POOR QUALITY 


V s indies 


. 469 
.479 


■J/AA 


in r : Ires 


.169 Basic 


no i riche s 


. 085 
.07 5 


o inches 


8.1 3 5 
8 . 115 


i 1 2 £? inches 


7.965 
7 . 970 


7, C ?& a, e h 


7.787 Basic 


7 7*6 


. 185 
. 193 


rim 





1 


E 



l\b 


f 



u dll pruuieid ncacaiun vpi puiaiivm 

MjHMDlAHr r jf HA 1 1 CORPORATION 

BOUi DKR COLORADO 80302 


CODE IDENT NO 13993 


DOC NO 

^ DATE 

SHEET -r..r. REV 



f 


l 


I 


i 


> 




Data Sheet 2 (cont'd) 


Dimension 

Required 

Actual 

N 

.010 

,0 0 3 inches 

l 5 

.005 

. O & 2. inches 

Q 

.094 
. 099 

, O ^ C? inches 

R 

1.360 

1.340 

/, 3Y7 inclios 

S 

.087 
. 092 

.O 87 inches 

T 

.005 

. O O 2 -. inches 

U 

7.960 
7.95 5 

^ S & inches 

V 

46° 

44° 

<_57 inches 

: Y 

. 4 6 2 
.4 72 

v H C^ 'D im.hr s 

n 

.07 5 
. 08 5 


A A 

.169 Bfi S ie 

(y( . inhs 

AB 

.085 
. 075 

.0 7l.iiu!, s 

AC 

.07 7 
.087 

, O r 7'% in 5 < 







IT 


8R 48* 





1 






l 



A 


f 
■ A* 





A 



\ 

3 

3 

i 


| 

■ 



I 




Ball Brother* Research Corporation 

SUBSIDIARY Of BAt.l CORPORATION 
BOULDfcR. COLORADO 80302 


DATE 

coot I DENT NO 13993 SHEET lil 


Data Sheet 1 

Paragraph numbers correspond with paragraph numbers of Test 
Procedure 49961, 


SERIAL NUMBER 

Scanner head serial number Q_X3_ 

Main Electronics serial number 003 


TEST OPERATOR 


Signature of test operator 

Date of start of test S* 7 - / / - 7 ^ 

Date of End of test ~// - 7 > 


4.1.1 


Dimensional Measurements 


Instrument Assembly (Figure 2) 


Dimension 


Required 

3.470 

3.450 

3.010 

2.990 

3.093 Basic 
2.625 Basic 
. 187 Basic 
.183 Basic 


Actual 


3.V(a 0 # inche s 


3<APAjL inches 




inches 


inche, 

inches 

jt- * 

3 ^ inches 


.17 5 
.183 


/ $()3 inches 


H 


.005 


inches 





Ball Brothers Research Corporation 

SUBSIDIARY Of BALI CORPORATION 

BOULDER. COLORADO B0302 CODE IDENT WO 13993 


SHEET 


DOC NO 

DATE 

20 


4 yyo i 


REV 


.J 

K 


Data Sheet 1 (con't) 

3.90 Maximum 


;i35 

.115 



'i inches 



L 


.002 Maximum 


OVUL inches 


1 


I u 

i 1 

i. i* 


■ \( 

i. H 


!f:i 


f i 




l 


R HRJ Ball Brothers Research Corporation 

rKSgim M JttSIUIAHY Of BA l I CORPORATION 


I 9i»t> ! 


EiUlJtDEH COt ORADO 80302 


CODE IDE NT NO 13993 


DOC NO . 
OATE 

SHEET l L— REV 


4 . 1 . L 


Data Sheet 2 

Dimensional Measurements 


Electronics Assembly (Figure 3) 
Dimension 


B 


C 

D 


C. 

II 


I. 

M 


Required 

6.195 

6.175 


6.025 

6.030 


5.847 Basic 


5.295 

5.285 


46* 

44° 


469 

479 


.169 Basic 


. 085 
. 075 


8.135 

8.115 


7. 965 
7.970 


7.787 Basic 


.185 

.193 


Actual 


i.iil inches 


^ -\o 


t , 

k'^X,. 0 inches 


S', % Y7 0_ inches 
/• 


s ~ 




inches 


& 


/A 


x > 


YS P _ inches £ 



& 


<S> 




> 


f,/z6 inches 
inches 


•7 . 1 X 1 < inches 


jSSfA 1 nche s 




RR-4AA 






4 'J 'j (i 1 


fSiW/^ Ball Brothers I 

| SUBSIDIARY Of- BAl t 

m/m i< i\rn ct/M rsn»h/' 


Research Corporation 

CORPORATION 
BOUtUER. COl ORADO 80302 


DOC NO 


CODC I0ENT NO 13993 


SHEET REV. 


/ 


* 


Data Sheet 3 

4.1.2 Weight Measurement 
Instrument Assembly (Head) 


Required 
<499 gms. 


Actual 


■££!£»*• c jO A Q,^ ^ 




Electronics Assembly 
<998 gms. 

4.1.3 


,n-° 






fLQJiA g m - 


C/ 


Center of Gravity Measurement 
Instrument Assembly (Figure 2) 


N LAJJZ. inches 




F y 4 77 inches 

M incnes 


Electronics Assembly (Figure 3) 


AL) 

% LM 

inches 

AE 

3 .J 5 -U 

inches 

AF 


inches 






N . * y 


- m 

■ w 








Ball Brothers Research Corporation 

SUBSIDIARY OF BAIt COMM MIA I ION 
BOUl DER COLORADO 80302 


DOC NO 


CODE IDENT NO 13993 SHEET . _ 1 $ 


pH [ l\ S lif'O f; j 

p,t r;>i;r i;'h \u »br ,•» co v respond with paragraph numbers of TVs! 
Procedure 19961. 


SI; -RIAL NUMBER 


• Scanner head serial number (‘£4* 

•' Main Electronics serial number 0 O ^ 

TEST OPERATOR 

• Signature of test operator 

• Date of start of test ,J [ a ly i- 3, I*) 7& ■ • 

• Date of End of test -£ — 7 C? 


4.1.1 


Dimen sionn 1 Measurements 


Instrument Assembly (Figure 2) 


Dimension 


Requ i red 

3.470 

3.450 

3.010 

2.990 

3,093 Basic 
2.625 Basic 
.187 Basic 

.183 Basic 

.175 
. 1 83 

.005 


Actual 


finches 

-)* /_h_ me he s 
'/u 7 ' . , 


•sja 


inches 


inches 


inches 


oU'ci , 


. AW 


i nche s 











Ball brothers Hesearcn MHporwion 

SUBSIDIARY OF BALL CORPORATION 
BOULDER. COLORADO 80302 


CODE IDENT NO 13993 


DOC NO 
DATE 

SHEET 21 


Data Sheet 2 


A* 1 


4.1.1 


Dimensional Measurements 


Electronics Assembly O’igure 3J 


Dimension 


Required 

6.195 

6.175 

6.02 5 
6.030 


5.847 Basic 

5.29 5 
5.285 


.4 69 
.479 


169 Basic 


.085 

.075 


Actual 

/ %7'S inches 

inches L. 

S y ? & j n c h e s ' 

' ^ i 

inches 


& a _ inches 


u 3 -l \ 
* 1 


>/ 6 7 Z. o . 

»/ ^^3 inches 

4 -/r-r- ^ 


inches 


8.135 

8.115 


'' inches 


7.965 

7.970 


7.787 Basic 


Y, y / (V in ches 

'7,7X7 £ 

7, 7%7<7~ inches 


/ $7 Z inches 




SUBSIDIARY OF BALI CORPORATION 
BOULDER. COLORADO 80302 


CODE IDENT NO 13993 SHEET 


Data Sheet 2 (cont'd) 


Dimension 


i red 


Actual 

inches 


. 005 

. 094 
.099 


.O&Z— -inches 


& inches 


1.360 
1 . 34 0 

. 087 
.092 


j t 3S3T% inches 


,o<ht 5 ~ 


'inches 


. 00 5 


inches 


7.360 

7.955 


.462 
. 472 


‘7, ? 5~fS inches !-cr 


rs- 




_inches^/)3 
inches ^7 


. 075 
. 085 


169 Basic 


"dS inches 

/ 3 ? “2 * 7 * 


, inche s 

AjJJJ-'h 






m Ball Brothers Research Corporation 

SUBSIDIARY OF BALI CORPORATION 


DOC NO 


BOULDER. COLORADO 80302 


CODE IDENT NO 13993 SHEET 




Data Sheet 3 


4.1.2 


Weight Measurement 


Instrument Assembly (Head.) 


Required 


<499 gms. 


Electronics Assembly 


Actual 


<998 gms . | 

4.1.3 C enter of Gravity Measurement 

Instrument Assembly (Figure 2) 

N L C \77 inches 

P / ' 5„5 inches 

M JUj/djUL- ,>,J<£ ches fee 

Electronics Assembly (Figure 3) 




j 

i - 


^ 7 


l]£2£3s 

v fey 


AD j/y 0 Q_jL. inches 

AD 3,0 $3 inches 




inches 








Ball Brothers Research Corporation 

Subsidiary o ^ bai i corporation 

BOUlDfcR COIORAOO80302 CODE IDENT NO 13993 


00 C NO 
DATE 

SHEET LiL. 


Data Sheet 1 

!>«t im.; r.tph numbers correspond with paragraph numbers of Test 
Procedure 49961. 


SERIAL NUMBER 

Scanner head serial number Q C v 

Main Electronics serial number - o 6 • 

TEST OPERATOR 

Signature of test operator ff ^ 

Date of start of test Ci c/-, 2 2 ,/ 9 • 

■*— 7*-^- — — — 

Date of End of test .ZJ9/& 


4 . 1.1 


Dimensional Measurements 


Instrument Assembly (Figure 2) 


Dimension 

A 


Required 


3.470 

3.450 

3.010 

2.990 


Actual 

S , Z'C <£ i nchcif 

3, <&<£//' inches 


3.093 Basic 


9 924 - inches/ 


2. 625 

Basic 

2, & 2 4-3 

inches 

187 

Basic 

./ffd 

_inches 

. 183 

Basic 


inches 

. 175 

i ft \ 


*/7/0 

inches 


,2(9 YZ- 

inches 




F 



Ball Brothers Research Corporation 

SUBSIDIARY 0( BAU CORPORATION 
BOUT DER COLORADO 8030? 


CODE IDENT MO 13993 


SHEET 


DOC NO 

DATE 

20 





J 

K 


Data Sheet 1 (con't) 
3.95 Maximum > Jt y / 


inches 


;i35 

.115 


inches 



L 


002 Maximum 


inches 



Ball Brothers Research Corporation 

SUBSIDIARY Or BALI CORPORATION 
BOULOER. COLORADO 80302 


DOC NO 
DATE 


CODE IDENT NO 13993 SHEET 


Data Sheet 2. 


4.1.1 


Dimensional Measurements 


Electronics Assembly (Figure 3) 


Dimension 


Required 


6.195 

6.175 


Actual 


inchcs r 


6.025 

6.030 


inches 


5.847 Basic 


inches 


5.295 

5.285 


inches 


, degrees/ 


..'4 52 

. 4^2 

7 u 


.169 Basic 

.085 

.075 


,</sf 

.inches 


t/&Jr in 


ches 


' & inc hes 


8.135 

8.115 


7 / inchc 


7.965 

7.970 


17 7779_ in ch e ; 


7.787 Basic 


7* s 7 7j£> inch( 


/&/,/#£ 


inches 




j TO 




4‘J'JO I 







Ball Brothers Research Corporation 

SUBSIDIARY Of DAI l CORPORATION 
BOUlDfcR COLORADO 80302 


CODE I0ENT NO 13993 


DOC NO 4 93 4>1 

DATE 

SHEET _JJL_ REV 


* Data Sheet 1 

I’ll iM.ir.ajTh . numbers correspond with paragraph numbers of Test 
Procedure 49961. 

SERIAL NUMBER 

Scanner head serial number £ . 

Main Electronics serial number • 

TEST OPERATOR 

Signature of test operator 
Date of start of test 2 , /f 7<g 

Date of End of test 7) z, /f 2£z • 

Dimensional Measurements 

Instrument Assembly (Figure 2) 

Dimension 
A 

B 

C 

D 

E .187 Basic • / <7/ inches 

.183 Basic tJ-jL 3 inches 

.*183 Z/7f 7 inches 

•'^0^ 7^ ik. inches 

,cc<? — 


F 

6 

H 


Required 

Actual 


3.470 
3 . 450 


incites 

3.010 

2.990 

3.093 Basic 

3.6 o£~ 

_inches 


inches 

2.625 Basic 

2 ,^ 2 / 

inches 


3.8 
3. 9 

4.1.1 



Ball Brothers Research Corporation 

SUBSIDIARY Oh BAll CORPORA I ION 
BOUl OER. COLORAOO 00302 


CODE IDENT NO 13993 SHEET 


DOC NO 

DATE 

20 






JHRg Ball Brothers Research Corporation 

SUBSIDIARY OP BAIL CORPORATION 
BOULDER. COLORADO 80302 



CODE IDENT NO 139 93 SHEET 


DOC NO 
DATE 

21 


49961 


REV -A- 


4.1.1 


Data Sheet 2. 
Dimensional Measurements 


Electronics Assembly (Figure 3) 


G 

II 


I. 

M 


.. 452 


,169 Basic 

. 085 
.075 

8.135 

8.115 

7.965 

7.970 

7.787 Basic 

.185 

,193 


Dimension 

Required 

Actual 


A 

6.195 


__inches 

A 

6.175 

B 

6.025 

6.030 

L o 3 lW 

_inches 



-0 

C 

5.847 Basic 


inches 

D 

5. 295 
5.285 

S', 2 tsT 

__inches 

E 

46* 

44° 

« 5° 

„ degrees 


2 -~- - inches 

Ml _inches 

,0 7*10 inches 

/2-6 / i n c h e s 

/, 9M inches 

T, 7 Q inches 
j £ inches 


Ball Brothers Research Corporation 

SUBSIDIARY OF BALL CORPORATION 
BOULDER. COLORADO 8030? 


CODE IDENT NO 13993 


DOC NO 
DATE 

SHEET - 2.2 


Date Sheet 2 (cont'd) 


Dimension 


Required 

,6 1 S' 

rfrtO- 


Actual 

&V inches 


.005 


.094 

.099 


±^67 inches 


1 . 360 
1.340 


4 3 3~9' inches 


.087 

.092 


.005 


inches 


7.960 

7.955 


ies 


5.245 

5.255 


57 ZS~/ inches 


6.015 

6.020 


& f O / &>0 inchf 


.462 

.472 


$ inches 


.075 

.085 


6 ‘Z'fTd inches 


.169 Basic 


/ inches 


*6 inch< 




AC 


.077 

.087 


es 





V f • 


Ball Brothers Research Corporation 

Subsidiary of bail corpora no* 

BOO! OCR COLORADO 80302 


CODE IDENT NO 13993 


DOC NO _Z ±L 

i^ TE 

SHEET REV . 


Data Sheet 3 


4.1.2 


Weight Measurement 


Instrument Assembly (Head) 


Required 
<499 gms. 


Electronics Assembly 


<998 gms. 


Actual 

aAI g m> 



p 4 a 




4.1.3 


Center of Gravity Measurement 


Instrument Assembly. (Figure 2) 


incnes 


P -L inches 

M 3/# inches 

Electronics Assembly (Figure 3) 


AD _ inches 

AE _% j3. fl 1 / inches 

af ' £3A inches 



Ball Brother* Research Corporation 

SUBSIDIARY OF BAU CORPORATION 
BOULDER COLORAOO 80302 


CODE IDENT NO 13993 


SHEET 


DOC NO 
DATE 

24 


4 9‘)Oi 


Data Sheet 4 


Lower Heater Trip Point 


Required 


Actual 


-10°C to -1S°C 


-/ 2 . 


Upper Heater Trip Point 


Required 


Actual 


- 5°C to +5°C 






APPENDIX F 

OPTICAL AND ELECTRICAL 



UUL NU 


SUBSIDIARY OF RAI I mnmHA!l<)N 
BOUI Dtn coi OHAOO HO VI? 


CODE IDENT NO 13993 


Data Sheet J 


54 

SHEET „ 


Paragraph numbers correspond w i I h paragraph numbers of. Test Procedure, 
Performance-Panoramic Attitude Se'nsor, 49959. 


SI:!!. I Al. NUMBER 


Scanner head serial number 


Od1~ 


ORIG1NAE PAGE IS 

-QR_PQOR_QUALITY 


Main Electronics serial number oo_ 2L 
TEST OPERATOR 


Signature of test operator 
Date of start of test 


Date of end of test 





mhk- 


3'lqo 


EQUIPMENT REQUIRED 

, B&0 536-2- , , „ 

Visicordcr, Honeyw.ell ISO", S/M S ^w j, Cal. Duo AJ/£ 

High Voltage Power Supply, PI like 301 C or equivalent 

13:71 s/n • 

Oscilloscope with camera, Tcktron i x ,W-or equivalent 
J 1,33 S/N trl ill . Cad * date Aio/ H ; 7 U 

Current probe, Tektronix P6042 or . oqu j valent — , 

S/N Bftgg till , Cal. date l| y(JJ 

I) VI: , II- P 3-4-4-h- or equivalent HP 3 46 £ A > S/N C-^a.41 , 

Cal . date i f) | *P 

Current Meter, Weston 911 or equivalent — - , 

S/N <t - , Cal . date ‘ fcjj j. 

VOM , Pi mps on — 2dH) or equivalent HP , 

S/N > Cal . date 7 () j 

Precision power suppl y, II- T (i I 1 4A o r ediiiva I on t 
S/N . > C.a l . da t e j fa ji t, . 

Pulse generator, Tektronix 2 1 0 2 or eou ' va I ent: ' si— 

S/ N f:al - . . JlLiLlk 


X- Y Plotter, II- P 704 7 A or equivalent — - 

S/N 0.-43 4-~7 , Cat . date ~ ’ " i' 

I) i v i cl i nji [tea cl , 2 ax i s , Kc J t z Fmpe r i n ! Seri cs 7 2 or 

cquivn 1 ent — 7 — S/N B- , Cal .date \\\%\ 7 u 


BR-488 

1-75 



fM ban bromers Hesearch Corporation 

gm sunsiniAiiv or nAii cwnnAfinn 


rchii nr it r.oi i in apo mvio? 


DOC NO 
DATE 


ni i.h . CO 0E IDENT NO 13993 


Data oho (it 2 

Sel f Check 

Test Set Supply Voltages 


SHEET 


FUNCTION 


MilASUUnHI'NT 


RGOIJT Pvl-MIiMT 


+ 2 8 v 


pi A 

0.7 

4- 

0.07 

+ 1 2 v 

_jd.il.. 

~mA 

0 . 6 

T 

0.06 

+ 10v 

0 L$X.. 

in A 

0.5 

T 

0.05 

+ 8v 

e>,. *u 

mA 

0 . 8 

T 

0.08 

+ 5v 

o .41 

’ mA 

0.5 

7*' 

0.05 

- 5 v 

0. 

mA 

0.5 

T 

0.05 


Ground Conti nu i t y 
Measure from 

Pin to Pin Function 


20 electronics box CHASSIS ONI), 
chassis 

20 2 1 CHASSIS ONI). 

17 IS) 2 8 v Rot. 

12 1 3 STC. ON I). 

! Ground Isolation 

Measure from 

Pin to Pin Function 


Measurement. 
o,oT " 3 >K* 
Ohm 

„ JPi? 2 : c ^ im 

OilC Ohin 

O.lR Ghn> 


P.cqu i rcincn t 


12 SIC. ONI), 

17 28v Rot, 

Therm i is to r Continuity 

Measure Prom 

Pin to Pin Funct ion 


Men sur circuit 

> 1 0 /V\ Ohm 

> lo <n Ohm 


I ! ea s u re men t 


v 

<0.2 

Ohms 

<0.2 

Ohms 

.< 0 . 2 

Ohms 

<0.2 

Ohms 

Rcqui rement 

>100 

>100 

k» 

kH 

requirement 


1 5 

Gleet 

. Thins . 

1 r n 
■ ct 1 

34 

Gleet 

. Thins . 

• 2 ^et2 

3 6 

Scm. i 

Thins . 

^stP 

5 

Scan . 

Thms * 

2 < R st2> 


II, fca 


5k to TSkSl 
5k to 1 5k. ft 
5k to 15k. « 
5k to 1 5 kS2 > 


ORIGINAD PAGE IS 
OFj POOR QUALITY 


BR-408 

1-75 
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DOC NO 






BOULDER. COI ORADO 80302 


CODE IDENT NO 13993 


SHEET 


Data Sheet 3 


4.2.2 


Electronics Thermistor Resistance 

( R etl ' R et2) x 100% = ( Ml£ - ludfL kQ ) x 1 
R etl l(, ill ko 


etl ~ -0.3 % 


Requirement: + 4% 


4.2.3 


Scanner Thermistor Resistance 


AR = 


( R stl ' R stz) x 100% - llJ3 l kn ] x 100% 

R sti ffj/j kn 


> 1 1 " 0,27 % 


Requirement: + 4% 


4.2.4 


Thermistor Isolation 


Measure from 
Pin to Pin 


Function 


Elect. Thms . 1 > \ ooo o kfljg^y 

Elect. Thms. 2 k ft 

Scan. Thm s . 1 > JC^Qpq 

Scan. Thms . 2 ' >( Q .ooo kft 


Measur em cnt Re quirement 

>i0 , 0o ° >100kft 

w.u ' kft > i o o ka 

> } 0 . QPO kft^’^^/^lOOkft 

~ > (0 .ooo >ft 7 ?1 OOkft , 


4.3.3 


Initial Turn On 


Check 


4.4.3 


Idle Input Current 


Function 


Measurement 


Requirement 


28v input current 

"in) 


5 OmA + 2 5mA 


28v input voltage 

(E. ) 

■ in J 


'Xl.W V 


2 8v + o. zsy 


4.4.4 


Idle Input Power 


E in * 'in 


> SlMj x M- irA 

= mW . Reference reading only 


BR-488 
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4.4.6 

Scanner dotation 


Clicck U'* 

4.4.7 

Running Power 




Function 

Measurement 



28v input current 

/f'f m A 

Reference only 


u in ) 

21 %^ v 



28v input voltage 

Preference only 


CRM 




P r * n i„ * T in 




= TJ.0V.X /si mA 




= 442 7mW 

Requirement 

< 5 . D watts 

4.4.11 

Main Electronics Power 




Function 

Measurement 



28v input current 
( r i„) 

aS mA 

P.cfercncc only 


28v input voltage 

SLl.lTk V 

Reference only 


(15 . ) 




v = n. x t. 

c an m 




= SL-T- fliV x mA 




P = inW 

P.cqu i remen t 

<1.0 watts 

4 . 5 

Power On Initialize 



4.5.3 

Check 



4.5. 5 

tx Check 



4.5.7 

AOS1 + l,OS| + AOS 2 + I, OS 2 i- 
nnr?«UT - . j<L ./>a ... n 

A OK 3 + 1,0 s 3 - 1060 
3< ■>- a 11 


14- If 

-1 A, q|*f/7L 

6 



OFFSET = — 

'Requirement : 

+ 3 

4.5.3 

^ Check 



4 . 5.9 

v/ Check 

v'- 





I 


Sj~.rj'A wu» nvavulM) vwipuiuuvil 

./>?. — SI mSIO'AMY Of HAM COIII'f tflA III )N 
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4.6.1 


mniiAn.wM..,- CODE IDE. N T NO 13993 

Data Sheet 5 

Altaian Telem Calibration 


DOC NO ___L 

DATE 

SHEET 5 R REV. 


Measure from 
Pin to Pin 


function 

+ Sv MONT TOP 
+ 2 0v MONITOR 


Measurement Re c [u i rem ent 

4,m V 4.0 + 1.0V 

■* 4 ^rr'v 4.0 + i;ov 


4.7.2 Scanner Revolution Rate 

Rate (R ) Rate Reado ut Measur ed Tim e Nominal Time 

0 _0 Gpu. ^ • s e c . 5 2 see. 

1 r l._. ~1I ~~%L~ \ sec , 26 see . 

2 g " ---- --sec . 13 sec. 

3 "V see. 6.5 see. 


4.8 

Invalid Pat 

4.8.1 

Check 

4.8.2 

Check 

4.9 

CW-CCW Test 

4.9.2 

Cheek 

4.9.4 

v^- Cheek 

4.9.5 

Check 

4.9.6 

Check 

4.9.7 

Check 

4.10 

Sector Test 

4 . 10.2 

Check 

4.10.3 

^ Check 

4.10.4 

Cilice k 

4 . 1 0 . 5 

e/' Check 

4.10.6 

^ Check 

4.10.7 

Check 

4.10.8 

v / ' Cheek 

4, 1 0. 9 

y'' Check 

4.10.10 

Check 


BR — 4 8 B 
I- 75 


I 


I 



bouum n coi cmAhnnow 


. CODE (DENT NO 13993 


On ta Shoot 6 


4. 10. n 

^ Check 

4.10.12 

Cheek 

4.10.13 

Check 

4,10.14 

Check 

4.10.15 

u ' Cheek 

4.10.16 

u " Check 

4.10.17 

Is Check 

4.10.18 

^ Check 

4.10.19 

u- Check 

4.10.20 

[/ ’Cheek 

4.10.21 

i,' Check 

4.10.22 

i. Cheek 

4. 10.23 

L'-’ Check 

4.10.24 

^ Check 

4.10,25 

Check 

4.10,26 

Check 

4. 10.27 

i/ - Cheek 

4.10.28. 

\S Check 

4 .10. 29 

Check 

4.10.30 

Check 

4.10.31 

S ; Cheek 

4 . 10.32 

Check 

4 . 10.33 

‘/^Check 

4 . 10.34 

i/^ Check 

4.10.35 

Check 

4.10.36 

\y‘ Check 

4.10.37 

■ ■V. Check 




4.11 

4.11 


4. 1.1 


4.12 

4.12 

4.12 

4.12 

4.12 

4.12 

4.12 

4.12 

4.12 

4.13 
4.13 
4.13 
4.13 
4.13 
4.13 
4.13 
4.13 


^ . .. w - • ^s/l UUUI I 

SUB^IDiAUy ui HAI l OCliil’f mimidm 
BOWi Of H r.ni on Ann mo u»;‘ 


CODE IDENT NO 13993 


DOC NO 
DATE 

SHEET -0. 0 


Pot - a Shoot 7 

.6 Sector Check 

.7 Power Supply Variation 


Check P" 


. 9 


POWlill AOS/ LOS 

SUPP LY DI SP LAY 

2 6.00 + 0.26v f - 4 <; ) 

2 8.84 .+ 0.28V ( + 2 0 O 

28.00 + 0.2Rv (NOM) ^ 

Clock Frequency Variations 


0 

UlsADOMT 



F requen cy at Pail ur e 


Upper Jl 0 . Mllz 

Lower 

I 

Slow Data Rate 


.5 


Check 

. 6 


Check 

. 7 


Check 

. 8 


Ch cc k 

. 9 

) 

i/ 

Check 

.10 


Check 

.11 


Check 

.12 


Check 


Spherical Mode Check 


.4 

^ Check 

. S 

Check 

. 6 

Check 

. 7 

Check 

. 8 

wT" Check 

. 9 

v^j/ Check 

. 1 0 

L— -''fiheek 


Rcqu i r cine nt 
>12.!) MHz 
<10.0 MHz 


BR-488 

1-73 
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4.13.11 

Check 



4.13.12 

^ Check 



4.13.13 

^ Check 



4.13.14 

Check 



4.13.15 

.v' Check 



4.13.16 

^ Check 



4.13.17 

v -' Check 



4.13.18 

* / Check 



4.13.19 

^ Check 



4.13.20 

Check 



4.13.21 

Check 



4 . J 3 . 2 2 

^ Check 



4.13.23 

Check 



4.13.24 

Check 



4.13.25 

^ Check 

■ 


4.13.26 

Check 



4.13.27 

Check 



4.13.28 

y Check 



4.13.29 

Check 



4.13.30 

dice k 



4.13.31 

: ■ : Check 



4.13. 32 

^ (’.heck 



4 . 1 3.33 

c ' : Check 



4.13.34., 

L/ Check 

> 


4 . 13tVs 

^ Check 



4.13.36 

fc/ ' Check 

— — “‘fi 1 
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2v/cm 

2 v/cm 


2 v/cin 
1 Op s/ cm 


4 . 14.6 


1 v / c m 


Sgs/cm 



DWG 


Burst 
Clock . L 


Shift 

Pulses 


N 


Load 
Pu l sc 
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4 . 14.11 

lv/cm 

Sms/cm 


4 . 14.14 

lv/cm 



Sms /cm 
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4.14.22 Sun Slit Amplitude 

V , = *1 >0 volts 

pk . 

Vpk *1.0 volts 

~r = 2 = 

4.14.23 Sun Slit Failure lidge 


Re Terence only 
Reference onlv 


2, £ Volts, Requirement: pk + () 


4.14.24 Minimum Threshold I'hoto 
2v/cm 

Sv/cm 


Sms/cm 



4.14.25 Minimum Threshold Measurement 

a .3, Vo Its, Requ i remen t 2 . 2 5 + 0 . 5V 


Sun Slit 
Analog 


Sun 

Slit 




BR - 411 

1- ’5 






wan uiuuieid ne^ediui corporation 

SI rtlVfWAMV ( i» MA| | r'MtH fUIAlIMN 

nrMHf»IM «.€)» «f>«Aiir» nrrtffi.- COO E lot NT NO 13093 


00 C NO 

DATE 

SHEET 'll 


Mata Sheet 14 


4.14.35 


1>A Current Measurement 
Me asu r eme nt 
2 1 0 niA 


Pcqu i rement 

300 in A max excluding spikes 


4 . 14.37 4>B Current Photograph 


1 OOmA/cm 


1 Ov/cm 


6ms /cm 



4>A motor 
vo 1 tape 


4’B motor 
current 


4.14.38 +0 Current Measurement 


Measurement 


Pequ i remen t 


'l^O _mA 


300 mA max cxclmlinp spikes 


ORIGIN AD PAGE IS 
OF POOR QUALITY 
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v-ti' 

•*♦!■■ I ■ 


l'f>; i ' 


4.15*7 ‘ • ' j I 1 ■ ■ j ’ -jji" ' ‘, ;1 i , r J j ! h'fp ■’ :-l !; ■' J i’ • I 

' Tta!nscfibie" i \the v 2- , axls'' ; table/Vettings and ‘ complete the following table,' 1 ' 


( 1 ) 

Tilt Peak -Az Angle 

Ang]e Amplitude at 1/2 PK Amp 

(degrees) (volts) (degrees) 


( 2 ) 

+Az Angle 
at 1/2 PK Amp 
(degrees) 


+ 1.00 

0.75 

0.50 

0.25 

0. 0 

-0.25 

-0.50 

-0.75 

- 1 . 00 


/, 2 £ 

6.05 
J5MJ L 

Mi 


. ** \ ■ • i ' 


The sun sensor field of view (JC 
azis’ shall be 180° + 12° at 1 ' 1 501 
.amplitude tilt angle. 


+ °ro ' 

-A 4 a' 
4 IV 


olumn 1 - Column a) in the azimuth 
of' the peak airtplrtudd^at "the -peakf-'^ir 

Check; 


(; 1 j ‘ 


1 r • ‘i 




te- 


rn ' 


te i i‘ 


i* i ’ ‘ 

:* i. « v 


i • .VA'lk. 


(4,1*4 t * 


BR-488 
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4.15.8,10. j , , j . . . i 

[Transcribe the 2-axis table settings and complete the following 


A-zimu * 
Azimuth 
Angle 
' (degrees) 


<. pfcte Co vi recAei. 
Peak 

Amplitude 

(volts) 


(1) 

-Tilt Angle 
at 1/2 PK Amp 
(degrees) 


( 2 ) 

+Tilt Angle 
at 1/2 PK Amp 
(degrees) 


table 




-9-0 -SS° 

4.S5 

e- • * 


E + « 

0 , 21° 

. 1 

-45 

10.4-1 


- 0,11° 

r * ~ 

0,2V 

' J 

Ml, \ 

0 


K- = 

- 0 1 31 0 

«■ . 

0,30" 

. Shi 1°' 

+ 45 

\,1% 


- 0 . 3& 0 


0,3, 7° 

■ QJzL. 

-90- + SS ” 


n- = 


n+ = 

0,32° 

. oaT. 


The sun sensor field of view (| column 1 - column 2|) in the elevation j , 
.(tilt) axis shall be 0.5 + 0.1° at 501 of the peak ampli^ude£^A^£' 7i:,/ '*‘ , i'' 

• FirW'J/tylb "i'tr 

..Check I 



The tilt angle, p of the sun slit is defined as the angle between the 
Z-axis and the line formed by the intersection of the sun slit F0V plane 
'and the plane containing the Y and Z axis. p is more positive as it ! 

rotates from the +Z axis toward the +Y axis. . . • j’- 1 

} - 

iCalculate the sun slit tilt angle (p in Figure 13) using the following ], 
equation : • -- b- 

! P = (£- + 5 + ) ' I ; 

! 2 * • ! ; 


-0,03$ 


Requirement 

9.0 + 2.0° 


The rotation angle, ijj , of the sun slit is defined as the angle between 
, the X-axis and the intersection of the sun slit F0V plane and the plane 
containing the X and Y axis. iJj is more positive as it rotates from the 1 
+X axis toward the -Y axis . 

Calculate the sun slit rotation angle (ip in Figure 13) using the fol- 
, lowing equation: r : | 

»• ^»e. + n.+n+)_ , . ; . : : V 

4 ' Renuirement. I * 


= 6.01 


Requirement 
0.0 + 2 . 0 ° 


^e'fetf&'vke 0iA.lu 
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4.16. 7 


• Transcribe the 2-axis table settings and complete the 

following table and calculate the Azimuth Field of View 
(FOV = | column 4 - column 3 | ) . 


Scanner Reference 
Encoded Angle 
Position 


Negative Positive Azimuth Require 

Azimuth Angle Azimuth Angle FOV* ment 

1/2 Pk. Amp. 1/2 Pk ■ Amjp . _ _____ _______ 


0° (x-axis) otj = 0,||| ” 

90 ° = 0.154-° 

1 8 0° Yi = Q .06^ 

270° (y-axis) 6 , - 0 .oGo 


90° 

180° 


Q.1V 

0. 801 

0.163 

o,1G3 


lotg-qjJ" 0.680 0.71 + 05° 
|B 2 -6 1 h o ,10 8 0.71 + 05° 
iYo-Yj 1= 0.68 3 0.71 + 05° 
| 5 2 - 6 2 | = Q.1Q 2 0.71 + 05° 


* The scanner Field of View shall be 0 . 71 0 + 0 . 05° at 50% of the peak 
amplitude. 

• Calculate the Zero Scan Angle Error using the following 
equation : 


Error = [ q 2 +q t 
” 2 

Error = 0,4-51 


Req ui rement 
0°+ 0.7° 


Calculate the scanner nos i t i on accuracy according to the 
e(|uations below: 


Encoder Ref or on cc 


Position 

Anglo 




Error 

Reciu i rement 

,128 

| 

90° 

(a 1 + a 2 - 


B 2 )/2 

-0.051 ° 

+ 0.1° v 

! 2 56 

'180° 

(ft. 2 + « 2 - 


Y ; J/2 “ 

+0.031 « 

+ 0.1° 

384 

27 0° 

-1 + a 2 - 

<s i " 

d 2 )/? 

+ 0-031 ° 

+ 0.1° 
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4.16.9 


• Transcribe the 2-axi.s table readings to 'he following table 
a <l calculate the Elevation field of View (POV* | column 4- 


cnlunm 3 I ) . 


Scanner 

lincodcd 

Position 

Re fercnce 
Angle 

Negative 

Elevation 

Angle 

1/2 Pk. amp 

Pos i t i ve 

Elevation 

Angle 

1/2 Pk. amp 


Hlevat i on 
POV* 

Requ i re 
ment 

000 

0 ° (x- axis) 

a = -0,H>7 

a + - o , ?5o 

1 «+ - a - | 



0.71+05° 

128- 

90° 

B = -0./33 

fi + = __o_ L 533 

|R + -R. 

| = _ o. U7 , 

0.71 ±05° 

286 

180° 

Y = -o,l 33 

Y + = o.Sfo 

Iy + -y 

1= o.&n 

0. 7 1 1 0 5 ° 

384 

2 7 () ° ( y - a x i s ) 

6 = -0/(50 

6,= iLitl 

1 6+- 6. 

| = 3 

0.71 ±05° 

*The scanner field of 

view shall be 

0.71° + 0. 

05° at 

5 Op o f the 


peak amplitude. 


• Calculate the tilt angle {<(> in Figure 131 of the plane of the 
scanner optical axis with respect to the plane of the mounting 
surface using the following equation. 


<f>= tan 

who re ; 


+ + -2otY-2g6 


n - tan (tt + +«_}/? 
it - tan (P + '6_ 1/2 
Y * tan ( y , + y ) / 2 

T 

6 = t a n ( 3 + 6 ) / 2 


0. Ooq 


Requ i re men t 


Cal cu la te l he direction of maximum till response with respec t 

I (i | p 7 e r (v r e I c T c tic e a ng 1 e ( 0 ■ n t i g u r e 1 3 ) us i n g the ! 1 ' I lowing 

equation: 


0 -- 1 an 


-1 I 6 - 3 ) 


TY -aj 


(6-3) (Y-aJ 
| (6-3) (Y-a)l 


Q {) 0 ... [ ; 90 °- I KU° 

6 p. • | 


Hr f r r tuv n ?mi 1 v 


0 
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4 . 15.7 


Transcribe the 2-axis table settings and complete the following table, 


Tilt 
Ang] e 
( degrees) 

+ 1.00 
0.75 
0.50 
0.25 
0.0 
-0.25 
-0.50 
-0.75 
- 1.00 


( 1 ) 

Peak -Az Angle 

Amplitude at 1/2 PK Amp 
(volts) (degrees) 


( 2 ) 

+Az Angle 
at 1/2 PK Amp 
(degrees) 


1. Zo 


Ao° 




- <717° 


Ail 

*111 


■ 4 . 7 , 1 . 


Ml 


- < ?o c 


JlLL 


IT 


0 . 


j$LZ!L 


The sun sensor field of view ({Column 1 - Column 2|) in the azimuth 
axis shall be 180° ± 12° at 50% of the peak amplitude at the peak 
amplitude tilt angle. 1 

Check 
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Transcribe the 2-axis table settings and complete the following table. 


Azimuth 

Angle 

(degrees) 

Space Corrected 
Peak 

Amplitude 

(volts) 

CD 

-Tilt Angle 
at 1/2 PK Amp 
(degrees) 

(2) 

+Tilt Angle 
at 1/ 2 PK Amp 
(degrees) 

F.O.V. 

(degrees; 

-85 

• <.31 

e- « -o.li 7 

e+ = o.m 

o,&So 

-45 

tr.73 

-0,1C,D 

o< m 


0 

n,W 

g- = -O.tlA 

C+ = 0.332, 

0. (• 11 

+ 45 

1,11 

~0. t(.1 

O.ISo 

0,1,11 

85 

<.<4- 

n~ = - o. >13 

n+ = o, ioo 

o,m 


The sun sensor field of view (| column 1 - column 2|) in the elevation 

(tilt) axis shall be 0.5 + 0.1° at 50% of the peak amplitude 

A. 

. Check , 

ctf* 

The tilt angle, p of the sun slit is defined as the angle between the 
Z-axis and the line formed by the intersection of the sun slit F0V plane 
and the plane containing the Y and Z axis. p is more positive as it 
rotates from the +Z axis toward the +Y axis. 


Calculate the sun slit tilt angle (p in Figure 13) using the following 
equation : 


P * U- + C+) 
2 

p.oie 

= 


Requirement 
0,0 + 2 . 0 “ 


The rotation angle, , of the sun slit is defined as the angle between 
the X-axis and the intersection of the sun slit FOV plane and the plane 
containing the X and Y axis. \p is more positive as it rotates from the 
+X axis toward the -Y axis . 

Calculate the sun slit rotation angle (ip in Figure 13) using the fol- 
lowing equation : 

\p = (-e 4 .-re_ + n- + n+) 

^ Requirement 

= -O.O^S 0 0.0 + 2.0° 


Falling 


Edge Trip Point Offset 


o/m 


o 


Reference Only 
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-Paragraph numbers correspond with paragraph numbers of Test Procedure, 
Performance-Panoramic Attitude Sensor, 49959, 


SERIAL NUMBER 

Scanner head serial number 


00 3 


Main Electronics serial number 0 0 3 


TEST OPERATOR 

Signature of test operator 

Date of start of test 


Date of end of test 


EQUIPMENT REQUIRED 


^aJbfk^ 


^ It h e. 


Visicorder, Honeywell 1503 , S/N ( , Cal. Due a)/A 

High Voltage Power Supply, Fluke 301C or equivalent 
— S/N 

Oscilloscope with camera, Tektronix -5-4-?- or equivalent 
nltVh S/N » Cal. date ijlnju 


Current probe, Tektronix P6042 or equivalent 
S/N ’ £4Ul_ , Cal. date lUm 


DVM, H-P 344d)-or equivalent S/N 

Cal . date ■I' In 

Current Teeter, Weston 911 or equivalent , 

S/N , Cal. date ulujli, 

VOW, Simpson 2 70 or equivalent V ~^P 1,4 LS A , 

S/N £, - Q l 1 'tO_ , Cal. date tt i to 

Precision power supply, H-P 61T4A or eouivalent 

S/N Cal . elate ' 

Pulse generator, Tektronix 2102 or equivalent 

S/N CJl2Je. » Cal. date n|s / % 

X-Y Plotter, H-P 7047A or equivalent 

S/N £. £qA2 > Cal. date Ju, 

Dividing Head, 2 axis, Leitz Imperial Series 72 or 
equivalent ■ , S/N , Cal. date 


mm 


•‘WJ 




j IL k, 


Ball Brothers Research Corporation 
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Data Sheet 2 

,1 Self Check 

,2 Test Set Supply Voltapes 


00C NO 
QATE 


SHEET 


Check 


FUNCTION 

+ 28v 
+ 12v 
+ 10v 
+ 8v 
+ 5v 
- 5v 


MEASUREMENT 

OJA m A 
n i mA 


REQUIREMENT 

0.7 + 0.07 
0.6 + 0.06 
0.5 + Qi. 05 
0.8 + 0.08 
0.5 + 0.05 
0.5 + 0.05 


Ground Continuity 
Measure from 

Tin to Pin Function 


20 

Electronics 

chassis 

20 

21 

17 

19 

12 

13 


Ground Iso 

Me a 

sure from 

Pin 

to Pin 

20 

12 

20 

17 


Thermistor 

Measure from 

Pin 

to Pin 

14 

1 5 

33 

34 

35 

36 

37 

5 


CHASSIS GND. 
28v Ret. 

SIC. CND. 


Measurement 
0-Ql O hm 

o . o C> o hm 
P.f4 Ohm 
0.11 Ohm 


Function 

SIC. GND, 
28v Ret . 


Measurement 

>loM. ohm 


Function 


Measurement 


Elect. Thms . KK etl ) U'Ol _kfl 

El ec t . Thms . 2 ( R e ^ ) |\ ,Dt k Q 

Scan. Thms. 1 (R gtl ) ll-U kfl 

Scan. Thms. 2CR st2 ) ll.l'b kfl 


Requirement 
<0.2 Ohms 

<0.2 Ohms 
<0.2 Ohms 
<0.2 Ohms 

Requirement 

>100 kft 
>100 k Q 


■Requirement 
5k to 1 5k0 
5k to 15kfl 
5k to 15ka 
5k to 15kQ 


fe';} 


i 


83-4S6 

I - 75 







XI 


ilkWs , 
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BOUl DER COLORADO 80302 


doc no 

DATE 

CODE IDENT NO 13993 SHFFT 5 7 rev. 


Data Sheet 4 


4.4.6 


Scanner Rotation 


Chech 


4.4.7 


Running Power 


Function 


28v input current 

din’ 

28v input voltage 

< E i„) 


Measurement 


m A Reference only 

^•VOT, V Reference only 


P = E. x I . 
r in in 

= V x mA 


mW 


Requirement <5.0 watts 


4.4.11 Main Electronics Power 
Function 

28v input current 

din). 

28v input voltage 

d in ) 

P e " E in x I in 

= aV.oC v X mA 


Measurement 


mA Reference only 


V 


Reference only 


P c = 

Power On Initialize 


Requirement <1.0 watts 


4.5.3 


Check 


4.5.5 


Check 


4.5.7 


OFFSET = 


A0S1 + L0S1 + AOS 2 + LOS 2 + A0S3 + LOS 3 - 1060 
i? K iM/ Ov -Vi4 'wl 


OFFSET 


Requirement : + 3 


4 . 5.8 


✓"* Check 


4.5.9 


Check 


fly* 


6 * 1 - 48 $ 

1-75 



Ball Brothers Research corporation 

SUBSIDIARY OF BALL CORPORATION 

BOULDER. COLORADO 80302 CODE IDE NT NO 139 93 


Data Sheet 5 

1 Analog Telem Calibration 


DOC NO 
DATE 


SHEET 


Measure from 
Pin to Pin 


Function 

+ 5v MONITOR 
+20v MONITOR 


Measurement Requirement 


4.\q V 

A- Pit- V 


4.0 + 1.0V 
4.0 + 1.0V 


Scanner Revolution Rate 

Rate (R) Rate Readout Measured Time Nominal Time 

0 o ^2 sec. 52 sec. 

1 i U, sec . 26 sec. 

2 x i'i sec. 13 sec. 

3 -v i.x sec. 6.5 sec, 


Invalid Data Test 


4.8.1 

i/ 

Check 

4.8.2 

i/ 

Check 

4.9 

CW-CCW Test 

4.9. 2 

v/ 

Check 

4.9.4 

y 

Check 

4.9.5 

y 

Check 

4.9.6 

y 

_Check 

4.9.7 

Check 

4.10 

Sector Test 

4.10. 2 

y Check 

4.10.3 

y 

Check 

4.10.4 

y 

Check 

4.10.5 


Check 

4.10.6 

y 

Che ck 

4.10.7 


_Check 

4.10.8 

y 

Check 

4.10.9 

y 

Check 

4.10.10 

\S* 

Check 
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Data Sheet 

* 

7 


4.11.6 

Sector Check 


Check i/ 

4.11.7 

Power Supply Variation 




POWER 

AOS/ LOS 

0 


SUPPLY 

DISPLAY 

READOUT 


26.60 + 0.26v (-4%) 






- 


28.84 + 0.28v (+21) 


U' 


28. DO + 0.28v (NOM) 


\y 

4.11.9 

Clock Frequency Variations 



Frequency at Failure 

Requirement 


Upper MHz 

>12.9 

MHz 


Lower ^ ^.o MHz 

<10.0 

MHz 

4.12 

Slow Data Rate 



4.12.5 

Check 



4.12.6 

Check 



4.12 .7 

Check 



4.12.8 

if Check 



4. 12. 9 

i/ Check 



4.12.10 

iS. Check 



4.12.11 

^ Check 



4.12.12 

l/ Check 



4.13 

Spherical Mode Check 



4.13.4 

>/ Check 



4.13.5 

i/ Check 



4.13.6 

4-^ Check 



4 . 1 3.7 

i/^Check 



4.13.8 

iS Check 







4.13.9 

^ Check 


■■■-; /A \ 




/tef!C ohV i 

4. 13. 10 

Check 




* 

IK 






;; i 




8R-4B8 
1 - 75 
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COOK IDE NT NO 139 93 

i n i 'm i n 


Data Sheet 8 


4.13.11 

X 

Check 

4.13.12 

X 

Check 

4.13.13 

X Check 

4,13.14 

X 

Check 

4.13.15 

X 

Check 

4.13.16 

X 

Check 

4.13.17 

X Check 

4.13.18 

X 

Check 

4.13.19 

X 

Check 

4.13.20 

X 

Check 

4.13.21 

X 

Check 

4.13.22 

X 

Check 

4.13.23 

X Check 

4.13,24 

X 

Check 

4.13.25 

X 

Check 

4,13.26 

X 

Check 


4.13.27 X Check 

4.13.28 X Check 

4.13.29 X Check 

4.13.30 X' Check 

4.13.31 X Check 

4.13.32 X Chech 


4.13.33 

4.13.34 

4.13.35 


x’ Check 
X Check 


DOC NO 
DATE 

SHEET JLiL 


$* 



4.13. 36 


tX Check 
X Check 
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Data Sheet 12 
1.22 Sun Slit Amplitude 


ooc NO 
DATE 


SHEET 


7. 0 vo Its 
K b 3 J . 8 volts 


Reference only 
Reference only 


Sun Slit Failure Edge * 

3 « ff Volts, Requirement: \ [dc + ^ 


4.14.24 Minimum Threshold Photo 


2v/cm 


5v/cm 


fC-H * t L* 

5ms/cm 



Sun Slit 
Analog 


Sun 

Slit 


4.14.25 Minimum Threshold Measurement 

3 . 3 Volts, Requirement 2.25 + 0.5V 


M-4M 
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Data Sheet 13 


4.I4.2K Motor Drive Pulses 

r 

20v/cm 




5ms/cm 


4.14.33 4>A Current Photograph 

lOOmA/cm 





4>A motor 
current 


1 Ov/cm 


-6ms/cm 


<t>A motor 
vo 1 tape 


41 




[ 



0 
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DOC NO „ 
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Data Sheet 15 

4.15.7 

Transcribe' the 2-axis' table, settings and complete the following table. 


Tilt 
Angle 
C degrees) 

Peak 

Amplitude 

(volts) 

(1) 

-Az Angle 
at 1/2 PK Amp 
(degrees) 

(2) 

+Az Angle 
at 1/2 PK i^np 
(degrees) 

+ 1.00 

TL - 


* 

0.75 

. 

— 



0.50 

O.Ro 

- <10° 

4 ^(o 

0. 25 

. 3. OCA/. 

- 4o * 

+ 41° 

0.0 

S.^fVVf ... 

- <\0 * 

4 ^0° 

-0.25 

4.19 V. 


+ 0 

-0.50 

l-'ov. . 

_ 

+ - »r 

-0.75 




-1.00 

— 



— 


The sun sensor field of view (jcolumn 1 - Column 2p in the azimuth 
azis shall be 180° ± 12° at S0\ of the peak amplitude at the peak 
amplitude tilt angle. 

s' Check 
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Data Sheet 16 


4.15.8,lo 


Transcribe the 2-axis table settings and complete the following table 


-45 

0 

+ 45 


Peak 

Amplitude 

(volts) 

0>A 

U)ii\ 4 . 


<.4 v>. 


(i) 

-Tilt Angle 
at 1/ 2 PK Amp 
(decrees) 


-0,416 


( 2 ) 

+Tilt Angle 

at 1/2 PK Amp . 

/ A AffV'AAc'l r,0»V ? 


^degrees,; 
e+ « o.l5o 


— o. 


0.141 

o.UT 

t- “ -o.'tlS 


o. 591 

o.U3 

— 0.541 


o.V»l 

O.C.I 

n- a -o. 


0.1 (.1 

o,(oS 


The sun sensor field of view ((column 1 - column 2 | ) in the elevation 
(tilt) axis shall be 0.5 + 0.1° at 50% of the peak amplitude 

C heck 

9 W JU . t > fc -* ^- 30^91 

The tilt angle, p of the sun slit is defined as the angle between the 
Z-axis and the line formed by the intersection of the sun slit FOV plane 
and the plane containing the Y and Z axis, p is more positive as it 
rotates from the +Z axis toward the +Y axis. 

Calculate the sun slit tilt angle (p in Figure 13) using the following 
equation : 

p > (S - + _U2 

2 , 

Requirement 

= 0. OCA n A a. i n° 


Requirement 
0.0 + 2 . 0 ° 


The rotation angle, t|j, of the sun slit is defined as the angle between, 
the X-axis and the intersection of the sun slit FOV plane and the plane 
containing the X and Y axis. iJj is more positive as it rotates from the 
+X axis toward the -Y axis. 

Calculate the sun slit rotation angle (\J> in Figure 13) using the fol- 
lowing equation: / 

s fce^e.+n.+r)*) 

- . : ■■■■': Requirement r 

= 0, 0i5 0 , 0.0 + 2.0° 

Fa/lllWj povuJV O.'bb 0 Q*--^ 



i Ball Brothers Research 

SUBSIDIARY OF BALI CORPORATION 
BOULDER. COLORADO 80302 


CODE IDENT NO 13993 


DOC NO 
DATE 

SHEET ,7D_ 


Data Sheet 1 7 


4.16. 7 


o Transcribe the 2 -axis table settings and complete the 

following table and calculate the Azimuth Field of View 
(FOV 11 | column 4 - column 3|). 


Scanner Reference 
Encoded Angle 
Position 


Negative Positive Azimuth Require 

Azimuth Angle Azimuth Angle FOV* ment 

1/2 Pk, Amp. 1/2 Pk . Amp . ________ _______ 


0° (x-axis) a -o. 4-Ko 

9°° « -o.^o 

180° ® -o.Tlo 

270° (y-axis) $ 1 = -o.VT) 


$2 “ o.ffiS. 


0.114 


fi 2 - 0.143 


a 2 ~ a l ^ 0.71+,05° 

g^-gj*' o.fatS 0 . 71+.05 0 
Y 2" Y ll g o;m 0 .714,05® 
6 2 -6 1 l® 0.71+.05 0 


* The scanner Field of View shall be 0 . 71°+0 . 05° at 50% of the peak 
amplitude . 

« Calculate the Zero Scan Angle Error using the following 
equation : 


Error = | a 2 +a i | 
T~ 

Error = 0.014 • 0 


Requirement 
Q° + 0.7° 


Calculate the scanner position accuracy according to :he 
equations below: 


Encoder Reference 


Position 

Angle 





Error 

Requirement 

128 

90° 


a 2 - 

*1 ~ 

8 2 )/2 

= -0.01U ° 

+ 0.1° 

256 

18 0° 

C 0C 

+ a 2 ~ 

n - 


= -p.04fc> ° 

+ 0.1° 

384 

2 70 0 

(a r 

+ a 2 - 

■*i : - 

h? n 

= - 0.014 ° 

i o.i° 
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Data Sheet 18 


4.16,9 


Transcribe the 3-»axis table readings to the following table 
a’d calculate tfc© Elevation Field of View CF0V» (column 4- 
column 3 (), 


Scanner 

Encoded 

Position 


000 

128 

256 

384 


Reference 

Angle 


0° (x-axis) 
90° 

180° 

270° (y-axis) 


Negative 

Elevation 

Angle 

1/2 Pk. amp 


a 


0.000 


$ sot -0,07.5 

«e * 

y = 

6 ° “Q. oaS 


Positive 
Elevation 
Angle 
1/2 Pk. amp 


a * o.bvz 

*r ■' 


g « O. kV7 
4* ■ 




Elevation 

FOV* 


“ o.fo < 53 


8,-8 = a Ml 

T t - • - 


= O.loo 


Y , ~ °- feS * Iy,~Y 


Require] 
ment 


0. 71±,0S O1 
0 . 7 1 ±,0 5 ° 
0.71+05° 
0. 71tOS° 


*The scanner field of view shall be 0.71° + 0.05° at 50% of the 
peak amplitude. 

« Calculate the tilt angle (<j> in Figure 13) of the plane of the 
scanner optical axis with respect to the plane of the mounting 
surface using the following equation. 


tan 


-1 


who re 


- o .oil 




•frg +y +6 -2qy-286 

25 


a = tan (a + +a_ ) /? 
3 = tan (8 + +6_)/2 
y « tan (y + + Y.)/ 2 
6 = tan (<S + + 6 _ ) /2 


Requ i r e m o n t 
0 ° + 2.0 


Calculate the direction of maximum tilt response with respect 
to the. zero reference angle (ft in Figure 13) using the foilouing 
equation: 


0 t an 


-1 


( 6 -62 

77-a) 



1 1 

yY.-°0 

(6-6] 

1 1 

fy-a) 


90°-j^|l|||9O 0 + ] 80° 


Reference eu ! v 


o - i a 


o 


f 4&L 


t 


Bali 

SUBSIDIARY OF BALL CORPORATION 
BOULDER, COLORADO 80302 


DOC NO 
DATE 


49959 


CODE I0EMT WO ISSS3 SHEET REV. 


I /j Date , Sheet )L9 y 

• Calculate the cone angle (average ^eviftion from a plane) using 
the following equation: 

* » , /« . M £*+ y _* y ** « - + M • 

r ™ — ~ir 

0.33 fo&Yt. 




= TSr^fe- 


- f^4{? c 


Requirement 

0° + 2.0° 

<s» 

® Calculate the maximum error using the following equation: 

error * | <J> | t j $ | g Q. M c Requirement 

0 ° + 2 . 0 ° 


4. 17.7 


4,14.1^) 


4*. )U r 19 


Backlash Te^t 


Measured 


O.IO 


Requirement 

0,0.° 

< Q-d2 ° 


’Sctxs^ t\ev~ T^p-o lA, ftwr 

t ^ea^u/yfcd VV&aSum&X 

I fe— V*. ^.oO I \/ 




fvdA d. ^Vi' to - flu •— x U a>yL l£0% 

<0.960 

‘Rq^o-y r-e. vh ewt 

To 20^0 


1.4 % 


‘SC aui/. (A&v Tv* fp - PoiaxA 

1-h-if - off V y\gjVSu/ire<L }[a^Au- 


%oai l 


>/, 


9.qoj V 


% 


&ll ^A-OS. tw.0&4^. 




^<Wk 


1.1 ^ 


0.°i? o 
yj^re. yk<w\~ 


i 00% 


o 




V 
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4. 15.7 


Transcribe the 2-axis table settings and complete the following table 


( 1 ) 

Tilt Peak -Az Angle 

Angle Amplitude at 1/2 PK Amp 

(degrees) (volts) (degrees) 

+ 1.00 

0.75 — — 

0.50 o.n — 

0.25 -*10* 

0 • 0 3-10 - 1g-* 

-0.25 t.n - 

-0.50 0 .11 — 

-0.75 — — 

- 1.00 


( 2 ) 

+Az Angle 
at 1/2 PK Amp 
(degrees) 


The sun sensor £ield of view (Column 1 - Column 2h in the azimuth 
axis shall be 180° ± 12° at 50* of the peak amplitude at the peak 
amplitude tilt angle. 


Check 


* . 






0 

(..IX 

K- 

* -o.3n 

£+ « *.*o 

q±n 

+ 45 

4.W 


- 0 , Mo 

O, 

Oiilo 

85 

4.4:1. 

n- 

* -0.3 fl 

n+ » o.irs 

».t(. 7 

The sun 

sensor field 

of view (| 

column 1 - 

column 2|) in the elevation 

(tilt) 

axis shall be 

0.5 + 0.1° 

at 50% of 

the peak amplitude 

Check 



9 ti MbK- VAJozyl 

The tilt angle, p of the sun slit is defined as the angle between the 
Z-axis and the line formed by the intersection of the sun slit FOV plane 
and the plane containing the Y and Z axis, p is more positive as it 
rotates from the + Z axis toward the +Y axis. 


Calculate the sun slit tilt angle (p in Figure 13) using the following 
equation : 


P = (S- ♦ £,+) 
~~2 

= -o.o 0 *\ ° 


Requirement 
0.0 ♦ 2 . 0 ° 


The rotation angle, of the sun slit is defined as the angle between 
the X-axis and the intersection of the sun slit FOV plane and the plane 
containing the X and Y axis. is more positive as it rotates from the 

+X axis toward the -Y axis. 

Calculate the sun slit rotation angle (ij/ in Figure 13) using the fol- 
lowing equation: 

<l> ■ te^-e.+n.+n*) 

* Requirement 

= o . o 0 0.0 + 2.0° 


- 














Falling Edge Trip Point Offset 




Reference Only 
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Data Sheet l 


SMELT 


Paragraph numbers correspond with paragraph numbers of Test Procedure, 
Performance- Pano ram ic Attitude Sensor, 49959. 


Slip I Al. NUMBER 


ORIGINAL PAGE IS 
OF POOR QUALITY 


Scanner head serial number r /"> */ 

Main Electronics serial number _QO Q 


TEST OPERATOR 


Signature of test operator f(.C. jL. 


Date of start of test 
Date of end of test 


EQUIPMENT REQUIRED 


1- 


Visicorder, Honeywell 1508, S/M B w ol , (Tel . Due ij/A 

High Voltage Power Supply, fluke 301C or equivalent 
S/N B 550 J . 

Oscilloscope with camera, Tektronix -£■*-?• or eouivalent 
_ T^rVL S / N » Cal. di,tr 

Current probe, Tektronix P6042 or equivalent _ _• 
S/N , Cal. date jfll 


DVT', H-P -3-4-4-0 or equivalent 14-fc^ A 
Cal. date lli.hl 


, S/N C-*iM 


Current Meter, Heston 911 or equivalent , 

S / N * Cnl • dntc /. ' L- 7.7- - 

YOU, Simpson 270 or equivalent jj f /? & f*\ 

S/M C 9.2£Sl * d;,te iklr 7.2 

Precision power supply, D-P (>I14\ or eouivalent — ■* 

« S /N C? US' . Cal. d «'>te J_r.lt -7 7 

Pulse generator, Tckt ron i x -2-Hk2— or e<m « vn I ent 2.10I , 

S/N ^>X1LU . » Cal. date 

X-Y Plotter, H-P 70474 or equivalent - — 

S/N d . Cal. date 

Dividing Head, 2 axis, bcitz Imperial Series 72 or 
equivalent , S/N p \X.CJ1 . r * 1 • date 







3.0. 1 

3.0. 2 
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Data Sheet 2 ®RIGT\ta 

Sel r Check °'"^K 

.2 Test Set Supply Voltages 


ooc NO 
DATE 


SHEET 




Cheek \/ 


F UNCTION 

+ 28v 
+ 12v 
+ 10v 
+ 8v 
+ 5v 
- 5v 


MHA SUP F. MFNT 

± mA 

. ttS mA 

„ % 3 mA 

ZmA 

_*JL 2_mA 


RF OU \ KEMI-MT 
0.7 + 0.07 

0.6 7 0.06 
0 . 5 + ' 0.05 
0.8 + 0.08 
0.5 + 0.05 
0.5 + 0.05 


Ground Continuity 
Measure from 

Tin to Pin Function 


2 0 K 1 cut ron ics box CI1A5S I S GNU . 
chassis 

20 21 CHASSIS GNI). 

17 19 28 v Ret. 

12 13 SIC. CND. 

! C round Isolation 

Measure from 

Fin to Fm Function 


12 SKI. GNI). 

17 28V Uet. 

Tj io rm i s tor Co nt inui t y 


Measure from 
Fin to Tin 


Runet i on 


Mca su re ment 
Ohm 

j C) jq ^ . rh in 

g 7 .J’hm 

, ( 7 Ohm 

Measurement 


> />7 Uliny 

> wm 0h,n 


Measurement 


IS 

Fleet . 

. T hms . 

1 <'W 


34 . 

: Fleet 

, Thms . 

- l'Vt2» 

//• a.S. . 

30 

Scan . 

Thms . 

lie i 

1 stl J 

(o* is* U: 

5 

Scan . 

Thins . 

■) (i} i 

“ 1 st 2 

■;>« 


Reg u i r ome n t 
<0.2 Ohms 

<0.2 Ohms 
<0.2 Ohms 
<0.2 Ohms 


Rccju i rement 

>100 kH 
>100 kU 


j'eoui rement 
5k to 1 ShU : 
5k to 1 Sky - 
5k to 15k' 
5k to 1 5 kU 
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Data Sheet 3 


Electronics Thermistor Resistance 


AR = 


( R etl R et2] x 100% > {-PLl2J< Q ' MMtm* 10Q% 


/.LAX 


2 7 % 


Requirement: + 4% 


AR 


Scanner Thermistor Resistance 
( R stl - R st2) x 10 °* . 


- /Q. 2 kQ 1 x 1001 
/JL CO 


k stl “ 37 


Requirement: + \% 


Thermistor Isolation 


Measure from 
Pin to Pin 


Function Measurement Requ i rement 


Elect. Thms . 1 >_±ClJ32 ^ 

Elect. Thms. 2 > /y j ~ kC 

Scan. Thms. 1 >/& t±n kS> 

Scan. Thms. 2 > sy -i ~kf<i 


>100kft 
>10 Oku 
>100k» 
>1 OOkft 


Initial Turn On 


Check 


Idle Input Current 
Fu nction 

28v input current 

(I . ) 
v m 

28v Input voltage 

(, W 


Me asur em e n t_ 

<79 mA 


38.0 L V 


R equirement 
50mA + 25mA 


28V f* 0. 28V 


Idle Input Power 


E . x I . 
m m 


28 . g£\ r x Hfl m A 
1 3 m W. Reference reading only 


raro 

\m » / 






t 
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Data Sheet 4 


Scanner Rotation 
Running Power 


ORIGINAL' PAGE IS Chcck 
0Jf POOR QUALITY 


Function 


2 8v input current 

('in) 

28v input voltage 

("in) 


Measur ement 

/ &S" mA Reference only 


gg, V Reference only 


P r ‘ "in x 'in 


= x mA 

= X3> m W 

Main Electronics Power 
Pun e t i on 

28v input current 

('in' 

28v input voltage 

' "ini 

A "in * 'in 


Requirement <5.0 watts 


Measu rem ent 
33 mA 

aS-oB V 


Reference only 


Reference onlv 


= ZL g t #Sy x 3 3 mA 

P c = .3J7j nW 
P o we r On I n i t i a 1 i ze 


Requirement <1 . 0 watts 


Check 


iX Check 


opphi-t 


AOSl + i.OSI + AOS 2 LOS 2 + A(>S3 + I.OS3 - lOAO 


OPiRSHT = L&L 

C heck 
\/ Check 


I’.oqu i rement : + 5 


/ 13 \ 

V^f. 




Ball Brothers Research Corporation 
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CODE IDENT NO 13993 


DOC NO 

DATE 

SHEET _S-8 REV 


•! .■) 


4.6.1 


4.7.2 


■4.8 

4.8.1 

4.8.2 
4.9 

4 . 9 . 2 

4 . 9 . 4 

4.9.5 
4.9.0 
4,9.7 
4 . I 9 

4 .10.2 
4. 10.3 
4. 10.4 

4.10.5 
4 . 10 ,0 
4 . I 0 . 7 

4.10.8 

4.10.9 

4.10.10 


Data Sheet 5 

Analop Tclem Calibration 


Measure from 
Pin to Pin 


12 

12 


9 

10 


Function 

+ 5v MONITOR 
+20v MONITOR 


lie a s urom ent Requir ement 


V 


jjJLQ^L 


V 


4.0 + 1.0V 
4.0 +' 1 . OV 


Scanner Revolution Rate 


Measured Time Nominal Time 


0 


O 


yz 

s ec . 

52 

sec . 

1 


/ 


2.6> 

s e e * 

26 

sec . 

2 


2. 


l3> 

sec. 

1.3 

sec. 

3 


3 




sec. 

6 

.5 sec 


I n v a 1 i d Da t a T e s t 
t X Check 
i/ Chech 
CW-CCW Test 
Check 
Check 
i/ Check 
Chcc k 
Check 

Sector Test 
Check 
S Check 
Check 
v/ Check 
S Check 
i/ '_ Check 
*/■_ Check 
4/1 Check 


■41;: 



c] 

;t V WmT 


y Check 




4 9 9 S 9 
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Data Sheet 6 


4 . 1 0 . 1 1 

Check 

4.10.12 

^ Check 

4 . J 0 . 1 3 

Check 

4.10.14 

^ Check 

4.10.15 

•-/ Check 

4.10.16 

..._^L check 

4.10.17 

^ Check 

4.10.18' 

^ Check 

4.10.19 

Check 

4. 10.20 

/ Check 

4 .10.21 

^ Check 

4.10.22 

Check 

4 . 1 0. 2 3 

v/ Check 

4. 10.24 

i/ Check 

4. 1 0,2 5 

i/ Check 

4. 10.26 

^ Check 

•1 . 10.2 7 

;/ Check 

1 . 10.7 8 

Check 

4. 10.29 

Check 

4 . 10.30 

Check 

4,10.31 

iS Check 

4 . 10.32 

Check 

4 .10. 3 3 

Check 


4 .10 .54 ^ Check 

4,10.35 Chock 
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Data Sheet 7 

11.6 Sector Check Check _ 

11. 7 Power Supply Variation 


49959 


4.12 


POWIIR 

SUPPLY 


AOS/ LOS 
DISPLAY 


READOUT 


26.60 + 0 . 26v (-4%) xf 

28.84 + 0 . 28v ( + 2S) jX_ 

28.00 + 0 . 2 8v (NOM) tX _ 

Clock Frequency Variations 
Frequency at Failure Req ui rement 

Upper X O MHz >12.9 MHz 

Lower < & MHz <10.0 MHz 

Slow Data Rate 


4 . 1 2 . 5 

X Check 

4.12. 6 

Check 

4.12.7 

^ Check 

4, 1 2.8 

Check 

4 . 1 2 . 9 

x/' Check 

4.12.1 0 

tX Check 

4. 12.11 

X Check 

4.12. 12 

if check 

4 .1 5 

Spher ica 1 1 

•1 . 1 3.4 

Check 

A . 13. 5 

f Check 

4 .13.6 

X tlhock 

4.1 3.7 

X Check 

4.13.8 

_ Check 

4 . 13.9 

x Check 

4.13.10 

X Check 


m r 

<W«\ \? 


8R-488 


4.13 ,11 


Gheclc 




4.13.12 

Check 

4.13.13 

Check 

4.13.14 

t/ Check 

4.13 .1 5 

^ Check 

4.13.1 6 

t/ Check 

4.13.17 

Check 

4.13.18 

Check 

4 . 13.19 

^ Check 

4 . 13.20 

Check 

4; 13.21 

Check 

4.13.22 

i/ Check 

4.13.23 

Check 

4. 13.24 

c/ Check 

4.13.25 

kS Check 

1 . 13.2(1 

^ Check 

4.13.27 

Check 

4.13.28 

i/ Check 

4.13.29 

X Check 

4 . 13.30 

^ Check 

4 .13.31 

'S' Check 

4 . 13.32 

S' Check 

4 . 13. 33 

Check 

4. 13.34 

Check 

4.13.33 

X" Check 

4 . 13.30 

• X Check 



Data Sheet 9 


4 . 14.2 


r 


2 v / <■' m 


DIVC 


2 v / c m 


Hu r s t 
(’lock 


2 v/cm 


1 ()us/cm 


Sh i i t 
I’ll 1 sc 


L 


1 



i . i i . i. 





<’ 1 Hi 


r 


~\ 


l.oad 

Pulse 



1 


I 

-.4 


ORIGINAL PA OF re 
Po °R QUauiv 








I la t fi Short 12 


1.14 


4 . 14 


4.11 


I . I I . 


/ > 


* .i j n Slit \ m 1 1 1 i t ml* 


l»k 


pk 


7 

7 


volts 

3.7' volts 


Me <V rcnco only 
”e i'e rence only 


2 3 


Sun Slit Failure I dp.e 

3 i «7* Volts, w.euui remcnt: ' pk + () 


24 Minimum Threshold I’hoto 


2 v/cm 


f> v / c in 


Sms/cm 



Minimum Threshold Measurement 


2.3# Volts, I’etpi i remeii t 


♦ 0. S' 



Data Sheet I •> 


I . 14.28 


“.otor Drive Dulses 


ORIGINAL PAGE IS 
OE POOR QUALITY 


2 0v/ cm 


in s / e in 



\ 


Mi 


. < 


: P 


J 


l.l 1.33 *tv\ litirront Dhot ovtanli 



I : \ mot o i 
1 current 


. '■ ini' tm 



SHEET 


DOC NO 
DATE 


Hat a Sheet 14 


4.14.3.') t.\ Current Measurement 


lousuremcnt 


m A 


I’eiju i remen t 

300 mA max excludin' 1 , spike 


1.11.37 1>K Current Photoj* raph 


1 OOmA/cm 


1 0 v / cm 


0 III S / C 111 



‘ \ !Mo t O 

vo 1 1 act 


! l’> mo t o r 
eu r rent 


!■ H Current Measurement 


Men su re men t 


? ouu i remen t 


■2,F-> m A 


300 m\ max exc lml im> spike- 


ORIGIN All p A0P „ 
0P p 00R QVALJTy 


j . — 

'isuaA ■"* ) 




Data Sheet 15 


4.15.7 


Transcribe the 2-axis table settings and complete the following table 


CD 

Tilt Peak -Az Angle 

Angie Amplitude at 1/2 PK Amp 

(degrees) (volts) (degrees) 


+ 1 . 00 

0.75 

0.50 

0.25 

0.0 

-0.25 

-0.50 

-0 . 7 5 

- 1 . 0 0 


M£/ 
iMSy , .... 

■ 2i5Svr. 


( 2 ) 

+Az Angle 
at 1/2 PK Amp 
(degrees) 


±. 11 !. 

+1o° 




The sun sensor field of view ({Column 1 - Column zj) in the azimuth 
azis shall be 180° ± 12° at 50% of the peak amplitude at the peak 
amplitude tilt angle. 

«''' Check 
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Data Sheet 17 


4.16.7 


Transcribe the 2-axis table settings and complete the 
following table and calculate the Azimuth Field of View 
(FOV * | column 4 - column 3|). 


Scanner Reference 
Encoded Angle 
Position 


Negative Positive Azimuth Require' 

Azimuth Angle Azimuth Angle FOV* ment 

1/2 Pk. Amp. 1/2 Pk. Amp. 


0° (x-axis) 
90° 

180° 


»i ■ 


-0.498 

a 2 - 
3 2 = 

0. Ho | 

a Q -a 1 | - 0.M 

0.71+05 

-0 ,6o£ 

0 AVo I 

4 4* 

8^-8-^ | ® o.Wl 
I Yo-Yi 1- o .495 

0.71+05 

-0,530 

y 2 = 

1 

0. 73 + 05 

-OMZ 

6 2 = 

0,131 | 

u X ■ "" 

1 6 0 -« 1 1 = o.mx 

0.71+05 


270° (y-axis) 6^ = 


* The scanner Field of View shall be 0.7l°+0,05° at 50% of the peak 
amplitude . 

« Calculate the Zero Scan Angle Error using the following 
equation : 


Error = | az+a i | 

~T~ 

Error = 0./S4* 0 


Requirement 
0° + 0.7° 


Position 


Calculate the scanner nos it ion accuracy according to the 
equations below : 


Encoder Reference 


Angle 


128 

90° 

(a 

256 

180° 

(a 

384 

270° 

(a 


P 1 “ M /2 


Hrro_r 

8*7 )/2 ~ o.oo to 

Yn )/2 ~ 0,034* 

i.i v.*: *’ ““ 

<S •,)/?* = O.Ot'Z 


llqqtii rement 
+ 0 . 1 ° 

+_ 0 . 1 ° 

+ 0.1° 







■CTAIN 0**CiKAi •CCOW5 COT* 


•»«» HI 
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Data Sheet 1 

i 

Paragraph numbers correspond with paragraph numbers of Test Procedure, 
Performance-Panoramic Attitude Sensor, 49959, „ 


SERIAL NUMBER 

Scanner head serial number 0 & S 

Main Electronics serial number qq 

TEST OPERATOR 

Signature of test operator Q, 

Date of start of test / y ,< 2 . 

Date of end of test / 2-~ /■- 

EQUIPMENT REQUIRED 

Visicorder, Honeywell 1508, S/M r<y 


2.y- 7 4 


'Mi 

wv> 

■*A 


Cal . Due 


High Voltage Power Supply, Fluke 301C or equivalent 
MllL S/N /?■<** a 9 


Oscilloscope with camera, Tektronix 547 or equivalent 
J2A-12 S/N 0 7/2./ » Cal. date 7 

Current probe, Tektronix P6042 or equivalent /V / ft 

S/N (2-7 SM 3. Cal . date ,r- / 2 -7 ~7 


DVM , H-P 3440 or equivalent 
Cal . date /_/_ ■) 


, S/N 


Current Meter, Weston 911 or equivalent A/ /ft , 

S/N ' fl xftn > Cal. date /-T --7 7 

VOM, Simpson 2 70 or equivalent h-/P3V65‘ft , 

S/N ,«T,c- Cal . date 7 y 

Precision power supply, H-P 61144 or eouivalent 
S/N (LSX32-. > Cal, date 

Pulse generator, Tektronix 2101. or equivalent j# 
S/N > Cal. date £-/£-_2 7 

X-Y Plotter, H-P 7047A or equivalent n/Jft 
S/N <$ft , Cal, date 77 

Dividing Head, 2 axis, Leitz Imperial Series 72 or 
equivalent , S/N &J3-AAL Cal. date 





yv 


f{ » 


Ul 
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Data Sheet 2 


3.6.1 

3.6.2 


Self Check 


Check iS 


Set Supply Voltages 




FUNCTION 

MEASURE 

MI- NT 

REPUTE 

LEM ENT 

+ 2 8v 

* & 15 

mA 

0.7 + 

0.0 7 

+ 1 2v 

.... j£>0. 

_mA 

0.6 + 

0.06 

+10v 

.<7?. 

mA 

0.5 + 

0.05 

+ 8v 

^9LZ 

mA 

0.8 + 

0.08 

+ 5v 

. s~o 

TP.A 

0.5 + 

0.05 

- 5v 

.-.I 

jnA 

0.5 + 

0.05 


4.1.1 


Ground Continuity 


4.1.2 


4.2.1 


Measure from 
Pin to Pin 

function 

Measurement 

llequi remen t 

20 

Electronics 

box CHASSIS GND. 

, /*> Ohm 

<0.2 Ohms 


chassis 




20 

21 

CHASSIS GND. 

. o 4 Ohm 

<0.2 Ohms 

17 

19 

28v Ret. 

(1hm 

<0.2 Ohms 

12 

13 

SIC. GND. 

, l_ 7 ohm 

<0.2 Ohms 


Ground Isolation 



Measure from 




Pin 

to Pin 

Function 

Measurement 

Requirement 

2 0 

12 

ST (V. GND. 

y / o/Y\ ohm 

>100 kO 

20 

17 

28 v Pve t . 

> La ZH 0}m 

>100 kn 


Thermistor 

Continuity 



Measure from 




Pin 

to Pin 

Eunct ion 

Measurement 

Requirement 

14 

15 

Elect . Thins- 1 (U j 

) to, &L 7 *.fi 

5k to 15kfi 

33 

34 

Elect. Thins. 2(R , n 

etc 

) to, 943 

5k to 15kft 

35 

36 

Scan. Thms. !(!•..) 

to, ?/.t ko 

5k to iSkfi 


3 7 


Scan. Thms. 2 (R st2 ) / 0. 4 0 £> 




5k to lSkfl 


■v- 


4 
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4.2.2 


Electronics Thermistor Resistance 


AR = 


f R etl : R et2'| * 100t 


ix 100% 


r = ~0*7O 


Requirement: + 4% 


4.2.3 Scanner Thermistor Resistance 

(X + , - R 100% Vo.f/fKl ~/o .1 


AR - I V 1 - . V 1 ] 
K stl 


lx 100% 


stl OJ 4- % 


Requirement: + 4% 


4.2.4 


Thermistor Isolation 


Measure from 
Pin to Pin 


Function 


Measurement 


Requirement 


Elect. Thms . 1 
Elect. Thms. 2 
Scan. Thms. 1 
Scan. Thms. 2 


>/04D 
>ZJUUL 

a a 

2j-t x d 6 — 


>100kft 

>100kf2 

>100kft 

>100kfi 


4.3.3 


Initial Turn On 


Check 4 - 


4.4.3 


Idle Input Current 


Function 


Measurement 


Requirement 


28v input current 

«in> 


50mA + 25mA 


28v input voltage 
< B in> 


28V + 0 . 2.8V 


4.4.4 


Idle Input Power 


P. «* E. x I. 
l in m 


'. Reference reading only . 


w 
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doc no 


49959 


DATE . 

CODE IDENT NO 13993 SHEET jL Z-_ REV. 


Scanner Rotation 


Check t. 


Running Power 


Function 


28v input current 

(V 

28v input voltage 


Measurement 

' UO nt# 

m.A Reference only 


% Q &_ V Reference only 


P = E . x I . 
r in in 


x / 6 o niA 


Main Electronics Power 


Requirement <5,0 watts 


'unction 


Measurement 


28v input current 

Oi„; 

28v input voltage 

P e • R in x hr. 

= I3..03_y x °LL . £ t nA 

p e = 2 y. 2 iuW 

Power On Initialize 
4- "Check 


2^.^ mA Reference only 


Reference only 


Requirement <1,0 watts 


6-Check 


A0S1 + L0S1 + AOS 2 + LOS 2 + AOS 3 + LOS 3 - 1060 


OFFSET = 


OFFSET = 


Requirement: + 3 


4.5.9 


Check 

Check 
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4.6.1 Analog Telem Calibration 


DOC NO 
DATE 


SHEET 


Measure from 
Pin to Pin 


Function 

+ 5v MONITOR 
+ 20v MONITOR 


Measurement Requirement 


4'Z30 V 
4./bO V 


4.0 + 1.0V 
4.0 + 1.0V 


4.7.2 


Scanner Revolution Rate 



Rat e 

(R) Rate Readout 


0 

O 


1 

1 


2 

2. 


3 

3 

4.8 

Invalid Data Test 

4.8.1 

y 

Check 

4,8.2 

/ 

Check 

4.9 

CW-CC1V Test 

4.9.2 

✓ 

Check 

4.9.4 


Check 

4.9.5 

/ 

Check 

4.9.6 

v 

Check 

4.9.7 

/ 

Check 

4.10 

Sector Test 

4.10. 2 

V 

Check 

4.10.3 

■ V 

Check 

4.10.4 

y 

Check 

4.10.5 

/ 

Check 

4.10.6 

s/ Check 

4.10.7 


Check 

4.10.8 

i/ 

— — 7 

.Check 

4.10.9 

y 

■■ ■: / 

Check- 

4.10.10 

y 

Chock 


5~4- sec. 

Z(a sec. 

13 ' sec. 

6? & sec. 


52 sec. 

26 sec. 

13 sec. 
6.5 sec. 
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4.10.11 

/ 

Check 

4.10.12 

V 

Check 

4.10.13 

vl 

Check 

4.10.14 

/ 

Check 

4.10.15 

/ 

Check 

4.10.16 

/ 

Check 

4.10.17 

V 

Check 

4.10.18 

/ 

^Check 

4.10.19 

/ 

Check 

4.10.20 

V 

Check 

4.10.21 


_Check 

4 . 10 . 2 2 

i/ 

Check 

4.10.23 

/ 

Check 

4.10.24 

kl— 

JJIheck 

4.10.25 

, / 

Check 

4.10.26 

/ 

Check 

4.10.27 


Check 

4.10.28 

/ 

Check 

4.10.29 

-Z. 

Check 

4,10.30 


Check 

4.10.31 

</ 

_Check 

4.10.32 

V 

Check 

4. 10., 3 3 

/ 

Check 

4.10.34 

/ 

^Check 

4.10.35 

)</l 

Check 

4.10.36 

/ 

Check 

4.10 ,3 7 

V 

Check 


DOC NO 
DATE 

SHEET .. . S 9- REV 




U 
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4.11.6 

4.11.7 


4.11.9 


Data Sheet 7 

Sector Check 

Power Supply Variation 

powim aos/ cos 

SUPPLY DISPLAY 

26.60 + 0.26v (-4%) 

28.84 + 0.28v (+2 V) 

28.00 + 0.28v (NOM) / 

Clock frequency Variations 


TV 


QJieck 


0 

READOUT 

/ 


/ 


/ 



Upper 

w./ 


Lower 

s' 

4.12 

Slow 

Data Rate 

4.12.5 

/ 

Check 

4.12.6 

/ 

Check 

4.12.7 

/ 

Check 

4.12.8 

/ 

Check 

4.12.9 

V 

Check 

4.12.10 

7 

Check 

4.12. 11 

/ 

Check 

4.12.12 

V 

Check 

4.13 

Spherical Mode 

4.13.4 

/ 

Check 

4.13.5 


Check 

4.13.6 

/ 

Check 

4.13.7 

7 

Check 

4.13.8 

y Check 

4.13.9 


Check 

4.13.10 

~vl 

Check 


MHz 

MHz 


R equi rem en t 
>12.9 MHz 
<10.0 MHz 


rs 


k: 
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4.13.11 

\/ 

Check 

4.13.12 

/ 

— iZ — 

Check 

4.13.13 

\/ 

Check 

4.13.14 

s/ 

Check 

4.13.15 

/' 

Check 

4.13.16 

/ 

Check 

4.13.17 

v/ 

Check 

4.13.18 

\/ 

Check 

4.13.19 

/ 

Check 

4.13.20 

✓ 

/ 

Check 

4.13.21 

/ 

Check 

4.13. 22 

/ 

/ 

Check 

4.13.23 

Check 

4.13.24 

v/ Check 

4.13.25 

✓ 

Check 

4.13.26 


Check 

4.13.27 


Check 

4.13.28 


Check 

4.13. 29 


Check 

4.13.30 


Check 

4.13.31 

iS Check 

4.13. 32 


Check 

4.13.33 

ly' 

Check 

4.13.34 

/ 

Check 

4.13.35 

1/ 

Check 


DOC NO 

DATE _____ 
SHEET 61 REV 


4.13. 36 


Check 
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lOv 

Sun 

Pulse 


e 


4.14.21 


r 


n 


2v/cm 


5v/cm 


1 Onis/cm 


J 



Sun 

Slit 

Analog 


Sun 

Slit 


A 


ORIGINAL PAGE IS 
OP POOR QUALITY 
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Data Sheet 14 


4 . 14.35 4>A Current Measurement 


Measuremen t 
2.60 mA 


P.equ i rement 


300 mA max excluding spikes 


4.14.37 4>B Current Photograph 


1 OOmA/cm 


1 Ov/cm 


6ms/cm 



<t> A motor 
voltage 


<J>B motor 
current 


4.14.38 4>B Current Measurement 


Measurement 


O mA 


? ? equi rement 

300 mA max excluding spikes 



Data Sheet 15 


4.15.7 


Transcribe' the 2-axis table, settings 

(1) 

Tilt Peak -Az Angle 

Angle Amplitude at 1/2 PK Amp 

(degrees) (volts) (degrees) 

and complete the following table 
(2) 

+Az Angle 
at 1/2 PK Amp 
(degrees) 

+ 1.00 




— » 

0.75 

— 

— 

— 

0.50 

1 . fe s 

.. ~*!\ 

4*9 I 

0. 25 




+°i 1 

0.0 



-9l 

4-9 l 

-0.25 

2.fo 


49z 

-0.50 

l.lo 


+91 

-0.75 

— 



-1.00 

— 


— 

The sun 

sensor £ield 

of view ({Column 

1 - Column 2|) in the azimuth 


axis shall be 180° ± 12° at 50% of the peak amplitude at the peak 
amplitude tilt angle . 

Check • ' 
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4. IS. 8, 10 


Transcribe the 2 -axis table settings and complete the following table. 


Azimuth 

Angle 

(degrees) 


Space Corrected 
Peak 

Amplitude 

(volts) 

^ ,o i \/ • t 

S.36v. 

I 

S.ftOl/, 

5 n i v . r 


-Tilt Angle 
at 1/2 PK Amp 
(degrees) 

:- = -o, V?o 

- o ,23 3 
i - = - o , to o 

-0,13 3 


r|- = - 0,133 


( 2 ) 

+Tilt Angle 
at 1/2 PK Amp 


e+ = -4 - 0,35 0 
4- 

£ + - f o , 5>o o 

•*-0,300 

n+ = j~o , 4-S o 


F.O.V, 

(degrees) 


o* 

0/700 


The sun sensor field of view (| column 1 - column 2|) in the elevation 
(tilt) axis shall be 0.5 + 0.1° at 50% of the peak amplitude 

fiif**! 

Check 


4 30 .S M 

The tilt angle, p of the sun slit is defined as the angle between the 
Z-axis and the line formed by the intersection of the sun slit FOV plane 
and the plane containing the Y and Z axis. p is more positive as it 
rotates from the +Z axis toward the +Y axis. 


Calculate the sun slit tilt angle (p in Figure 13) using the following 

:r r; <3* vu* 

2 

Requirement 


0.0 + 2. 0‘ 


The rotation angle, \p , of the sun slit is defined as the angle between 
the X-axis and the intersection of the sun slit FOV plane and the plane 
containing the X and Y axis, ifi is more positive as it rotates from the 
+X axis toward the -Y axis . 

Calculate the sun slit rotation angle (ip in Figure 13) using the fol- 
lowing equation: 

ip - (e 4 .-s_+n-+n+) 

^ Requirement 

= + D , 0?4 0 0.0 + 2 . 0 ° 


0.0 + 2 . 0 ° 


Falling Edge Trip Point Offset 


Reference Only 
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Transcribe the 2-axis table settings and complete the 
following table and calculate the Azimuth Field of View 
(FOV = | column 4 - column 3 | ) . 


Scanner Reference 
Encoded Angle 
I Position 


Negative Positive Azimuth Require 

Azimuth Angle Azimuth Angle FOV* ment 

1/2 Pk. Amp. 1/2 Pk. Amp, 


0°(x-axis) = -0,4 "H 

90° " -0 ■ 49b 

180 ° Y X = -0,413 

27 0° (y-axis) 6 ^. » -~0,5oo 


-fo.ixi 


4 D . HO 
+ 0 , \ 


a 2' a l ' = 0-^44 0.71 + 05° 
3 2 ' 6 il” 0.71+05° 

IY 7 -Y 1 1= oM<\ 0.71 + 05° 


IY7-Y- 


6 2 -6 1 l= qno I 0.71+O^J 


* The scanner Field of View shall be 0 . 71°+0 . 05° at 50% of the peak 
amplitude . 

• Calculate the Zero Scan Angle Error using the following 
equation : 


Error = jaz+oii 
2 

Error = 0.1X1 


Requirement 
0°+ 0.7° 


Calculate the scanner nosition accuracy according to the 
equations below : 


llincoder Reference 


Position 

Angle 





Error 

Requirement 

128 

CO 

O 

O 

(«! + 

“2 " 

h~ 

B 2 )/2 

- -O.Oil 

° +0.1° 

256 

180° 

(«]_ + 

a Z ~ 

y l~ 

T 2 )/2 

= 0 , 00 1 

_° +0.1° 

384 

270° 

(«1 + 

a 2 

*1 ~ 


= 

0 + 0.1° 
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4.16.9 


• Transcribe the 2-axis table readings to the following table 
a-tl calculate the Elevation Field of View (FOV= | column 4- 


column 3 |), 

Scanner Reference 
Encoded Angle 
Position 


Negative 

Elevation 

Angle 

1/2 Pk. ami 


0° (x-axis) a - -o, gn 

90° R = -0.4-V3 


90° 

180° 


- 0 , 4-Bo 


27 0 0 (y - ax is ) 6 = -o ,631, 


Positive 
Elevation 
Angle 
1/2 Pk. ami 


Elevation Require! 
FOV* ment I 


a 1 ” +0. lo D 

l°v“ 1' oen 

0. 71±05 

8, = 4-n . 221 

| B t -B ]= o, in 

0.71+05 

Y = fO.21,7 

|y + -y 1= 0.711 

0.71+05 

5 - FD.loo 

lfi + -6 1- on^ 

0.711 05 


*Thc scanner field of view shall be 0.71° + 0.05° at 50 ? o of the 
peak amplitude. 

• Calculate the tilt angle (t}> in Figure 13) of the plane of the 
scanner optical axis with respect to the plane of the mounting 
surface using the following equation. 


tan ^ 
whore; 


/a - <-£ 2 +Y 2 + 6 2 -2aY- 2 B 6 


a •- tan ( ix, +«_ ) /? 
B ~ Ian (fV + -n. )/l 
y * tan (Y + +Y_)/2 
ft = tail ( 6 +6_ ) /2 


= 0 , 061 


Requ i foment 
0 ° + 2.0 


Calculate the direction of maximum tilt response with respect 
to the ?,cro reference angle f ft in Figure 13) using the lollowi 


equ'at i on : 


O' tan” 1 


Ref c ren<:<* ' % r 1 v 


Q- iOb 


I 



Data Sheet 19 


Calculate the cone angle (average deviation from a plane) using 
the following equation: 


<t» = 


(a_+a + +$_ + $ + +y _+y + 5 _ +fi +) 
8 


* = 


Requirement 
0 ° + 2 . 0 ° 


Calculate the maximum error using the following equation: 


error = J <j> | + | 4> | = 0 i 1%D ° 


4.16.13 Scanner Trip-On Point 


Requirement 


0 ° + 2 . 0 ' 


Measured V 


trip-on 


9,0<?o V 


% full space moon = 

• 9 . 3 . * 


4.16.15 Scanner Trip-Off Point 
Measured V trlp . pff 

9- ofis V 

% full space moon = 


- S. * 


Measured V dark 

£jSL £_g V 

V .t,r,i,p-on~ V darl; x 10M 
0.980 

Requirement 
5 % to 201 

Measured V Aark 

S. 9 9<j V 

V tT.i,E.:.Pi,f,; V d.ark x 10 „ 
0.980 

Requirement 
51 to 20% 


4.17.7 


Backlash Test 
Measured 


Requirement 







HEWN original* *rcokn COPT 


I4B 
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SHEET 


Paragraph numbers correspond with paragraph numbers of Test Procedure, 
Performance-Panoramic Attitude Sensor, 49959. , 


SERIAL NUMBER 



Scanner head serial number 


Main Electronics serial number _odA. 
TEST OPERATOR 

Signature of test operator fyt g ^ 

Date of start of test Il-P o' 


Date of end of test 


EQUIPMENT REQUIRED 

Visicorder, Honeywell 150.°>, S/N yt/o/ , Cal. Due /y//^p 
High Voltage Power Supply, Fluke 301C or equivalent 

. .M/JL S / N JL 1ZJ2.Z • 

Oscilloscope with camera, Tektronix 547 or equivalent 
7/JJ S / N C °fJ Zd Cal. datR 7 

Current probe, Tektronix P6042 or equivalent \ & 

S/N Z2SMJ . Cal. date 


DVM, H-P 3440 or equivalent ///»,? 5/N £ ? r USS~ , 
Cal. date /- / -7 7 

Current Meter, Heston 911 or equivalent w# , 

S/N BJW , Col. date /- 2. 77 -* “■ 

V Of'* , Simpson 270 or equivalent i-LP 2^' ^9 _ » 

S/N JI. TISS— ’ ra] • dnte /-7~ 7 7 

Precision power supply, II - P 6I14A or couivalent /vm 
S/N * Cal. date /- 3 . 2. - 7 7 

Pulse generator, Tektronix 2101 or equivalent /lL& 

S/N f- H 2. 2. / . Cal. date S '-/ /P - 7 7 ' 

X-Y Plotter, ll-P 7047 A or equivalent A///? 

S/N JLiL2-£2 > Cal. date 2.-/4- 7~? 

Dividing Mead, 2 axis, Leitz Imperial Series 72 or 
equivalent a/ LA , S/N g; 2.6// , Cal. date 






Data Sheet 2 


3.6.1 Self Check 


Check y' 


3.6.2 


Test Set Supply Voltages 


FUNCTION 


'MHASURnMF.NT 


RCOUTRBMnNT 


+ 28v 

Q+L8 

mA 

0.7 

+ 

0.0 7 

+ 1 2v 

0 .Ll 

mA 

0.6 

4 * 

0 . 06 

+ 10v 

a 

mA 

0.5 

4 - 

0.05 

+ 8v 

& • $Z- 

mA 

0.8 

7 

0.08 

+ 5v 

a * 50 

mA 

0.5 

7 

0.05 

- 5v 

. £u£4- 

mA 

0. 5 

7 

0.05 


1 

Ground Continuity 



Measure from 
Pin to Pin 

Pune t ion 

Measurement 

Requirement 

20 

Electronics 

box CHASSIS GND. 

.04 Ohm 

<0.2 Ohms 


chassis 




20 

21 

CHASSIS GNI). 

, 6 J Ohm 

<0.2 Ohms 

17 

19 

28v Ret. 

. tS ohm 

<0.2 Ohms 

12 

13 

SIC. GND. 

. IfS 0h m 

<0.2 Ohms 

2 

Ground Isolation 



Measure from 
Pin to Pin 

Function 

Measurement 

Requirement 

20 

20 

12 

17 

STG . GND. 
28v Ret. 

>/a rn Ohm 
ZZMim. 0hm 

>100 kn 
>100 kn 

1 

Therm i stor 

Continuity 



Measure from 
Pin to Pin 

Funct ion 

Measurement 

Requirement 

14 

15 

Fleet . Thms . 1 ( R ^ 

) M4U ^ 

5k to 15 kfi 

33 

34 

Fleet. Thms. 2 (R 2 

) to. kn 

5k to 15kfi 

35 

36 

Scan. Thms. 1 f P. g ^ ^ ) 

InJLSpL 

5k to 15kfi 

37 

5 

Sean. Thms . 2 (R ? ) 

/AfiO kfi 

5k to 15 kfi 


37 


5 


5k to 15kfl 







I 



mi 
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4.4, 

4.4, 


4.4.11 


4 . 5 
4.5.3 

4.5.5 
4.5.7 


4.5.3 

4.5.9 


Data Sheet 4 
Scanner Rotation 
Running Power 
Function 


Check 


28v input current 

('in’ 

28v input voltage 
("in’ 


Measurement 

-us y 


Reference only 


Reference only 


Requirement 

Measurement 


<5.0 watts 


JUl 


mA 


V 


Reference only 
Reference only 


P r " E in x 1 in 

= 27 21 V x U. Z. m A 

= m W 

Main electronics Power 
Function 

28v input current 
('in’ 

28v input voltage 

(E. ) 

v in' 

p * r: . x i. 
e m in 

= v x jf m A 

p e = 111 m W 

Power On Initialize 

L Al_ Check 
^ Check 

AOS1 + E0S1 + AOS 2 + LOS 2 + A OS 3 + LOS 3 - 1060 


Requirement <1.0 watts 


OFFSET = 


OFFSET = .3 l 


Requirement : +_ 3 


Check 


Check 




I 


I 


r 
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4.6.1 


4.7.2 


Data Sheet 5 

Analog Telera Calibration 


Measure from 
Pin to Pin 


Function 


Measurement Requirement 


12 

12 


9 

10 


+ Sv MONITOR 
+ 20v MONITOR 


±L12jy 
Mjjiz v 


4.0 + i.ov 

4.0 + 1.0V 


Scanner Revolution Rate 

Rate (R) Rate Readout Measured Time Nominal Time 

O 


0 

1 

2 

3 


/ 


.Jl 


JL3> 


-2=_ 


13 


-3L 


A, 3 


sec . 
'sec , 
”sec , 
sec , 


52 sec. 

26 sec . 

13 sec . 
6.5 sec, 


4.8 

Invalid Dat 

4.8.1 

Check 

4.8.2 

Check 

4.9 

CW-CC1V Test 

4.9.2 

heck 

4.9.4 

t-"Check 

4.9.5 

£~-~"CTfeck 

4.9.6 

^-'-'-'Check 

4.9.7 

4 ^-"C heck 

4.10 

Sector Test 

4.10.2 

<c-"-Check 

4.10.3 

l- - Check 

4.10 . 4 

Check 

4.10.5 

4^"'Check 

4.10.6 

heck 

4.10.7 

4-^Check 

4.10.8 

‘-''"''^Check 

4.10.9 

< 1 ^-- Check 

4.10.10 

t^^Check 


7^ 




1 


:, y 


m 
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Data Sheet 6 


4.10.11 

— Check 

4.10.12 

l^Check 

4.10.13 

Check 

4.10.14 

d-'" Check 

4.10.15 

l^' Check 

4.10.16 

t - — • Ch e c k 

• 4.10.17 

l^CKeck 

4.10.18 

.-'''''Check 

4.10.19 

Check 

4.10.20 

<i--^'Check 

4.10.21 

/-"Check 

4.10.22 

Check 

4.10.23 

-Check 

4.10.24 

/---^heck 

4.10.25 

i-" -Check 

4.10.26 

/---Check 

4.10.27 

t -Check 

4.10.28 

/-"Check 

4.10.29 

/.--'Check 

4.10.30 

t-"-' Check 

4.10.31 

/.... Check 

4.10.32 

Check 

4. 10. ,33 

u^Check 

4.10.34 

/.-"^Check 

4.10.35 

i-^trhec k 

4.10.36 

j""'"Check 

4.10..37 

heck 



49959 
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4 . 11.6 

4 . 11.7 


4.11.9 


Data Sheet 7 

Sector Check 

Power Supply Variation 


Qieck 


POWER 

SUPPLY 

26.60 + 0.26V (-4%) 
28.84 + 0.28v (+2%) 


AOS/ LOS 
DISPLAY 


JLsZ- 


0 

READOUT 


2 8.00 + 0.28v (MOM) 
Clock Prequency Variations 
Frequency at Failure 

Upper i ~ 2 _ MHz 

Lower Jf MHz 


Requirement 
>12.9 MHz 
<10.0 MHz 


4.12 

Slow Data R; 

4.12.5 

p. Check 

4.12.6 

l. Check 

4.12.7 

heck 

4.12.8 

^-Cfieck 

4.12.9 

€Ffe c k 

4.12.10 

/^Check 

4.12.11 

//^fieck 

4.12.12 

Slice k 

4.13 

Spherical Mi 

4.13.4 

p^ Check 

4.13.5 

//Check 

4.13.6 

//'Check 

4.13 . 7 

L^Cficck 

4.13.8 

//"Check 

4.13.9 

j/^heck^ 

4.13.10 

i^/fhe ck 




1 



ljhGR.i 
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Data Sheet 8 


4.13.11 

/--'''Check 

4.13.12 

^"Check 

4.13.13 

Check 

4.13.14 

i /^""tfhcck 

4.13.15 

^-"''''Check 

4.13.16 

Check 

4.13.17 

L Check 

4.13.18 

Check 

4.13.19 

^ ^"Check 

4.13.20 

Check 

4.13.21 

Check 

4.13.22 

2-""Check 

4.13.23 

heck 

4.13.24 

^'Clieck 

4.13.25 

^^-Gheck 

4.13.26 

L-"" Check 

4.13.27 

- Check 

4.13.28 

^--Check 

4.13.29 

Check 

4.13.30 

^•""'Check 

4.13.31 

“Check 

4.13.32 

/-""'“Check 

4.13.33 

/-"'"‘G heck 

4.13.34 

i-""'”Check 

4.13.35 

t-^Check 

4.13.36 

^"'Check 


A 


-Id 

H 




4 
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Burst 

Clock 


Shift 

Pulses 


Load 
Pul se 


ORIGINAL PAGE IS 
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4.14.22 Sun Slit Amplitude 


ooc no 4 9959 

DATE 

SHEET REV 


V ^ 5~ volts Reference only 

V 

= = 2..7.T volts Reference only 

4.14.23 Sun Slit Failure lldge 

.2 .i" Volts, Requirement: V pk + () ^ 



4.14.25 Minimum Threshold Measurement 

2.2- Volts, Pxcqu i remen t 2.2 5 + 0.5V 


Sun Slit 
Analog 


Sun 

Slit 


ORIGINAL PAGE IS 
OF POOR QUALITY 
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Data Sheet 14 

♦A Current Measurement • 

Measurem ent Requirement 

2 (d± mA 300 mA max excluding spikes 


4.14.35 


4.14.37 4>B Current Photograph 


1 OOmA/cm 


lOv/cm 


6ms/cm 



<t>A motor 
voltage 


4>B motor 
current 


4.14.38 4>B Current Measurement 

Measurement ? ? equircment 

0 C Q mA 300 mA max excluding spikes 


ORIGINAL PAGE IS 
OR POOR QUALITY 


V"* 
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4.15.7 

Transcribe the 2-axis table, settings and complete the following table. 


Peak 

Amplitude 

(volts) 


Tilt 
Ang ] e 
( degrees) 

+ 1.00 
0.75 
0.50 
0.25 
0.0 
-0.25 
-0.50 
-0.75 
- 1.00 


The sun sensor field 
axis shall be 180° ± 
amplitude tilt angle. 


a) 

-Az Angle 
at 1/2 PK Amp 
(degrees) 


( 2 ) 

+Az Angle 
at 1/2 PK Amp 
(degrees) 


view (fcolumn 1 - Column 2|) in the azimuth 
at 50'o of the peak amplitude at the peak 


Check 



m 
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Data Sheet 16 

4 . 15 . 8 , 10 

Transcribe the 2-axis table settings and complete the following table. 


Azimuth 

Angle 

(degrees) 

Space Corrected 
Peak 

Amplitude 

(volts) 

CD 

-Tilt Angle 
at 1/2 PK Amp 
(degrees) 

CD 

+Tilt Angle 
at 1/ 2 PK Amp 
(degrees) 

F.0.V 

(degree: 

-85 

4. VI 

e - = 4-i-l 

e+ = 4- / 

9^ - 713 i 
P.-t L--?— |i 

-45 

fe.ll 

- o . ZSo 

+ 0 , 

0 * Soo 

0 

(.,1*5 

5- « -0.158 

£ + = + O , ?a% 

6 . (,(,7 , 

+ 45 

b * 

-e . %iZ 

f 0 1 "J^O 

.(.it 

o.-m- 

85 


TV* = o 

ri+ = 4-0,3051 

0,10% 


The sun sensor field of view (|column 1 - column 2 | ) in the elevation 
(tilt) axis shall be 0.5 + 0.1° at 50% of the peak amplitude 


9 


Check 


The tilt angle, p of the sun slit is defined as the angle between the 
Z-axis and the line formed by the intersection of the sun slit FOV plane 
and the plane containing the Y and Z axis. p is more positive as it 
rotates from the +Z axis toward the +Y axis. 

Calculate the sun slit tilt angle (p in Figure 13) using the following 
equation: 

p - (£- + 5+) 

2 

= - 0 , 01 $ 0 


Requirement 
0.0 + 2 . 0 ° 


The rotation angle, ip , of the sun slit is defined as the angle between 
the X-axis and the intersection of the sun slit FOV plane and the plane 
containing the X and Y axis. is more positive as it rotates from the 

+X axis toward the -Y axis. 

Calculate the sun slit rotation angle (ij> in Figure 13) using the fol- 
lowing equation: 

- 4 ■ . : 

= O.ol’T ° 


Falling Edge Trip Point Offset 


Requirement 
0.0 + 2 . 0 ° 

0 , l>o$ 


Reference Only 


1 % 





-T : s 
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4 . 16.7 


Transcribe the 2-axis table settings and complete the 
following table and calculate the Azimuth Field of View 
(FOV » | column 4 - column 3|). 


Scanner Reference 
Encoded Angle 


Negative Positive Azimuth Require- 

Azimuth Angle Azimuth Angle FOV* ment 


Position 


1/2 

Pk. Amp. 

1/2 

Pk . Amp . 


000 

0° (x-axis) 

a l = 

~O.Z 76 

a 2 

" CLJJJLSl 

| ot 0 -ot 1 1 = o. 10£~^ • 71+05 

128 

o 

o 

*1 - 


^ 2 

= eULia 

| | 7 or 0.71+05 

256 

180° 

-< 

II 


^2 

= ejg 

fY 2 -Yil“0.7Ar 0.71+05 

384 

270° (y-axis) 

07 

I— 1 

II 

- O. 30/ 

6 2 


1 \=r>.7<0ST 0.71+0 i 




* The scanner Field of View shall be 0 . 7l°+0 . 05° at 50% of the peak 
amplitude. 


• Calculate the Zero Scan Angle Error using the following 
equation : 


Error = |ot 2 +a i 
Error = o 1 o22 


Requirement 
0°+ 0.7° 


Calculate the scanner position accuracy according to the 
equations below: 


Encoder 

Position 


Reference 

Angle 


Error 


Requirement 


128 

90° 

(«1 + a 2 ~ 3 1 ~ 

B 2 )/2 

= rJL&Ql ° 

i + 
o 

2 56 

130° 

(«i/* a 2 ~r r l~: 

T 2 )/2 

> —too y ° 

+ 0.1 

384 

270° 

(“a * “2 - 5 i - 

« 2 )/2 

= QJZLA ° 

+ 0.1 


1 
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4 . 16,9 

m ■ 

• Transcribe the 2-axis table readings to the following table 
a’d calculate the Elevation field of View (FOV= | column 4- 
column 3 I). 


Scanner Reference 
Encoded Angle 
Position 


Negative 

Elevation 

Angle 

1/2 Pk. amp 


Positive 

Elevation 

Angle 

1/2 Pk, amp 


Elevation Require 
FOV* ment 


000 

0° (x-axis) 

q =-/P..OT(9 

128 

O 

O 


256 

180° 

Y - = . 

384 

270° (y - ax i s ) 

6.~-cu > TA7 . 


a + = o,AS^ , Icya-r <L2QO _ 
*>+=OJA2. I e + - 6 . 1 = CL 11 Z „ 

y + = ^.//7 Iy+-y 1 = Ojjuj.. _ 

6 + = d>.7,T£ I 6 + -6. l = A-2/..Z— 


0.71+05° 
0 . 7 1±05 ° 
0.71 ±05° 
0 . 71±05° 


*Thc scanner field of view shall be 0.71° +_ 0.05° at 50S> of the 
peak amplitude. 

• Calculate the tilt angle (<J> in Figure 13) of the plane of the 
scanner optical axis with respect to the plane of the mounting 
surface using the following equation. 


$= tan 


-1 



'a^ + f? ^ + Y^ + 6^-2aY~28<5 
— 


where ; n = tan (u + +a_)/? 

8 = tan ( 0 + 4 1> . ) /2 
Y * tan (y + +Y _)/2 
<S = tan (6 + + 6_)/2 




OEIGINAE PAGE IS 
OP POOR QUALITY 


kcquj reme nt 
0 ° + 2.0 


Calculate the direction of maximum tilt response with respect 
to the zero reference angle ffl in Figure.' 13) using the following 
cqunt ion : > 


0 - tan 


( 6 - 8 ) 

(Y-a) 


(S 'S) . CX" -- 4 i • 90 p — 90° + 1 80° Reference only 

1(6-8) (Y-a) ! 6-8)1 


O glLJ^Ll 0 



/ W <-s O Co 

p|f T' 
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% full space moon = 



4.16.15 Scanner Trip -Off Point 



% full space moon = 



4.17.7 Backlash Test 
Measured 



Requirement 


ff 

I 


0‘O83 


< 0 . 2 ° 







































